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TRANSIENT FOCAL PULMONARY EDEMA!" 


CARLETON B. PEIRCE,‘ EVERETT F. CRUTCHLOW,' ARTHUR T. HENDERSON 
AND JOSEPH W. McKAY 


Roentgenologic studies and the interpretation of the shadows thrown upon 
the fluoroscopic screen or recorded upon films have become more and more com- 
plex with the succeeding years since Francis H. Williams’ contributions in April, 
1896. Yet, even to-day, the radiologist, phthisiologist and anatomist have much 
left to discover in the fields of pathologic physiology and functional anatomy, 
especially as indicated on the roentgenogram. 

Of late years, considerable interest has been aroused in fleeting or transient 
shadows appearing in the lung fields, often associated with an eosinophilia (Loef- 
fler’s syndrome). These patients are not particularly ill, and microscopic studies 
of necropsy material are seldom available. Some of such patients undoubtedly 
have been admitted to tuberculosis sanatoria for study, probably some have been 
stigmatized with a diagnosis of pulmonary tuberculosis. The roentgenographic 
evidence strongly suggests that these variations from the normal are probably due 
to peritruncal and interstitial edema, rather than to the cellular infiltrate of an 
infection. Consideration of transient focal pulmonary edema is suggested as the 
probable patho-physiologic process, perhaps as one of the manifestations of 
allergy. 

The rapid expansion of chest survey projects by industry and government, in 
the especial demands of wartime for maintenance, at highest level, of good health 
among workers in defense industries and the efficiency of the Armed Forces, can 
be a double-edged sword. All those concerned, particularly the specialist in 
pulmonary disease and the roentgenologist, must be on guard that they maintain 
a sane attitude in interpreting evident or suspected variants. We are daily im- 
pressed with the great interest of whole families as to their pulmonary status, a 
direct result of the roentgenologic examination of one or more of their members 
for the Armed Forces. 

A. E. Barclay has recently pointed out the vagaries, almost fads, in interpreta- 
tion of intrathoracic shadows in the past and has given voice to considerable need 
for caution in the interpretation of chest roentgenograms until one had adequate 
knowledge of the healthy chest as well as the clinical features of suspected abnor- 
mal individuals. Much of our concept of roentgenologic pathology has been 


1 From the Departments of Radiology of the Faculty of Medicine, McGill University, 
The Royal Victoria Hospital and The Montreal General Hospital, and the Department of 
Internal Medicine, Royal Victoria Hospital. 
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bility for any opinion stated therein. 

3 Presented before the Medical Section at the 40th annual meeting of the National Tuber- 
culosis Association, Chicago, Illinois, May 11, 1944. 

4 A/Surgeon Commander, R.C.N.V.R. 
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constructed on cadaveric anatomy and the relatively few cases in which surgical 
or necropsy material is available shortly after radiologic examination. 

It was not so long ago that one of us had to know more about pulmonary anat- 
omy, in order to assist his colleagues in the medical and surgical diagnosis and 
treatment of pulmonary disease. The subsequent investigations in gross and 
microscopic anatomy for comparative analysis of the roentgenographic shadows 
have been invaluable for our appreciation of the variation of the normal or 
“healthy” chest as seen in surveys of university students, industrial personnel or 
recruits for the Armed Forces. With the advent of tomography and the other 
techniques of body-section radiography, armed with this preparatory knowledge 
of intrapulmonary anatomy, the tomogram (laminogram, etc.) becomes a facile 
and fascinating tool for the further analysis of the intrapulmonary detail of ar- 
teries, bronchi and other interstitial tissues. 

As a further result of such a study of fundamentals, it is to be hoped that many 
previous misconceptions in the interpretation of intrathoracic shadows can be 
eliminated, and fewer persons admitted to sanatoria with a diagnosis of tuber- 
culous perihilar adenopathy simply because the Creator has arranged for them 
to have pulmonary arteries. 

Discussion of transient pulmonary shadows on chiefly hypothetical grounds 
may seem rash in the light of our preceding comments. However, until surgical 
or necropsy material is available, cogitation on the clinical and radiologic evi- 
dence so far in hand should afford some safeguard for the patient from ill-con- 
sidered dogmatic opinion. 

The structure of the lung with its finely divided, aerated parenchymal and 
supporting tissues, the pulmonary and bronchial arteries, the closely associated 
bronchial tree, rich venous and lymphatic network, all held in order by the 
intralobar, interlobular septa and interstitial connective tissue and surrounded 
almost completely by the visceral pleura, affords opportunity for rapid physio- 
logic change in response to various physical and biochemical states. 

The rapid change which can take place in the child’s lung should be common 
knowledge. But there is an apparently greater discrepancy between the actual 
physical state within the lung and the clinical signs of percussion and auscultation 
than we were led to believe as students. This may have been a contributing fac- 
tor in the relative lack of appreciable literature on the subject prior to Loeffler’s 
contributions in 1932 and 1936. Some cases with abnormal local pulmonary den- 
sities, apparently not tuberculous, and with eosinophilia had been recorded by 
Armand-Delille and Madame de Pierredon (1927), Hay and Evans (1928) and 
Bass (1931). Bass’s case did not show appreciable roentgenographic change 
over a six-month period. This may belong to a “fixed group,” on which com- 
ment will be made later. : 

Sisson and Vogt (1929) observed a diffuse increase in pulmonary density 
throughout the upper half of both lung fields and interpreted it as an acute pul- 
monary edema, associated with an anaphylactic shock, in a 14 year old boy, 
occurring fourteen hours after the injection of tetanus antitoxin. At thirty-six 
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hours there was marked clearing, and complete disappearance in eighty-six 
hours. 

Loeffler’s reports in 1932 reviewed 51 cases largely discovered accidentally in 
the course of serial fluoroscopies and environmental researches. These were 
characterized by an appreciable discrepancy between the objective findings and 
the benign clinical course. As a rule, these patients had few and minor symp- 
toms, some elevation of temperature, occasional irritative cough, sometimes 
fatigue or slight dyspnea. Radiologically, however, they presented fugitive soft, 
rather amorphous, single or multiple, minimal to extensive, unilateral or bilateral 
areas of increased pulmonary density which tended to change within a few 
(three to ten) days, reappear in other areas and suggest almost a fulminating 
tuberculous infection, quite disproportionate to the subjective features of the 
individual case. 

Minor physical signs predominated, sometimes compatible with minimal tuber- 
culosis, more often widely divergent from that to be expected from the objective 
evidence of the roentgenograms. Tuberculin reactions were not predominantly 
positive and no tubercle bacilli were found in the sputum. 

The blood commonly presented an eosinophilia to as high as 66 per cent, with 
an absolute count of 9,000 to 14,000, as contrasted to a considered norm of 320. 
Some tendency of the eosinophilic curve to follow the fluctuations of the pul- 
monary change was noted, although not in the nature of the postinfectious 
eosinophilia. The degree of eosinophilia and the extent of the pulmonary 
changes showed no parallelism. Neither Ascaris larvae nor other parasitic organ- 
isms were found to account for the eosinophilia. In his opinion the relative 
eosinophilia of tuberculosis rarely exceeded 4 to 7 per cent. 

Some seasonal increase in July and August was noted. 

The course was essentially benign and, in further contrast to tuberculosis, no 
progression to necrosis nor residual fibrosis was observed. Sedimentation rate 
was increased but little in a large majority of the cases. 

The intrapulmonary changes in periarteritis nodosa, discussed by Hermann 
(1933), might perhaps have presented changes somewhat similar to those in the 
series under consideration if observed during his initial stage of edema with 
fibrinous exudation about the elastica intima and separation of the muscular 
walls of the arteries by the exudate, or in the second stage of infiltration of media 
and adventitia by polymorphonuclear cells. However, the subsequent necrosis 
of the vessel walls, with secondary thrombosis, infarction and hemorrhage into 
the adventitia would induce considerable scarring, if recovery should ensue. 
And it is hardly probable that these changes could wax and wane so completely 
in an interval of less than a fortnight. With the present concept of periarteritis 
nodosa as a manifestation of a late stage in a chronic allergic state, however, this 
must be borne in mind. 

Faravelli’s case (1937) of the young man with slight malaise for two weeks, lack 
of appetite, vague shoulder pains, slight fever and diffuse increase in density of 
the left lung, largely peripheral, with complete roentgenographic clearance in 
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fifteen hours is of interest, especially as to the rapid change in the atypical pul- 
monary lesion. 

Tuberculosis had been suspected in a patient two years previous to the first 
observation by Nilsha Hansson (1937), who noted a surprisingly rapid clearing of 
an apical infiltration but with asthma. For two years subsequently the chest 
remained clear, but in 1933 a small shadow appeared in the parenchyma of the 
left lung, becoming bilateral; the sputum was negative for tubercle bacilli, the 
eosinophilia was 11.5 per cent. Following an antrotomy and polypectomy the 
next year, the pulmonary densities were extensive although the temperature re- 
mained normal, eosinophilia was greater than 30 per cent and the sedimentation 
rate increased to 129. Fleeting changes of the pulmonary densities from base to 
apex were observed. Hansson considered the possibility of asthmatic atelectasis 
or an internal exanthematous type of reaction as the cause of the pulmonary 
changes. 

A characteristic pattern was found by Gravesen (1938) in his patient with rapid 
changes from massive involvement of one lung to similar density in the contra- 
lateral field, shifting to patchy areas and clearing within two months. Some 
fever, an increased sedimentation rate and an eosinophilia declining from 55 per 
cent were the notable other data. The Mantoux reaction was apparently de- 
batable. 

Wharton-Smith and Alexander (1939) commented on the “privet cough” 
described by Engel as common in China in May, the pollination period for Ligus- 
trum. Transitory changes in the lung and eosinophilia were features of 2 illus- 
trative cases. This phenomenon is thought to be a localized allergic edema. 
They further reported a child who had similar pulmonary changes with eosino- 
philia of 30 to 54 per cent, but considerable spiking fever. After a temporary 
improvement over two months, the youngster (age 7) developed a sudden change 
for the worse and died with a hemolytic streptococcic septicemia. At autopsy 
there was no evidence of focal parenchymatous lesions as previously seen on the 
films. 

In discussion of this case, Bowen stressed the frequency with which an “aller- 
gic pneumonitis” or ‘‘allergic pneumonia”’ is seen in children. 

In a review of 355 asthmatics, Saupe (1940) observed unspecific pulmonary 
infiltrations in 11.6 per cent, some of which were similar to the planiform shadows 
he had observed in asbestosis. Others were more extensive and homogeneous, 
some focal and infiltrative. Paranasal sinus disease was common. There was 
a simultaneous eosinophilia. Of the series, 13 per cent showed roentgenographic 
evidence of previous tuberculosis. 

The most important feature of this series was the description of one woman, 
observed for three years, who had shown repeated changes in pulmonary shadows, 
none of which had left any residual scar in resolution. At autopsy no anatomical 
substrate of the former changes could be found. Comment was made on the 
difficulty of differentiation by X-ray, in some of these, between an initial focal 
tuberculous infection or perihilar infiltrate and the nonspecific lesions. 
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Freund and Samuelson (1940) reviewed 105 cases from the literature (including 
Loeffler’s 51), in connection with their report of a woman aged 25 who had had 
bronchitis beginning six years before. Despite repeated attacks of asthma and 
“catarrh,” her chest was said to have been roentgenologically normal previously. 
Density changes were present in the left mid-lung field. During seventeen days’ 
observation, her fever subsided from 100° F., the cough, chest pain and decreased 
resonance improved. Eosinophilia fluctuated from 11 to 21 per cent, diminish- 
ing to 8.5 percent. Sedimentation rate decreased from 16 to 5. They comment 
that the condition is commonly so mild that the patient does not consult his 
physician. ‘“The diagnosis of this symptom complex is of more than mere aca- 
demic interest, mild as its course and results are. Its recognition is of the utmost 
importance from the point of view of differential diagnosis from pulmonary tuber- 
culosis.”’ 

Harkavy (1941) brings forward more prominently than others the subject of 
vascular allergy as a causative factor, pointing out that the observations of Lewis 
and of Dale suggested an antigen-antibody reaction which is supposed to result 
in the liberation of a histamine-like substance. This leads to an increased vascu- 
lar permeability and edema, a direct effect on the intimal endothelium. He had 
found in biopsies of the affected skin of tobacco-sensitive persons a typical peri- 
vascular infiltration of eosinophilia with edema. Eight asthmatics (3 having 
bacterial allergy with sinusitis) who had interstitial pulmonary changes, eosino- 
philia, an abnormal electrocardiogram and pleural effusion were reported. The 
polyserositis and polyneuritis observed again raises the question of a periarteri tis 
nodosa. 

Soderling (1939) tried intramuscular and intravenous adrenalin in some 
asthmatic children with transitory pulmonary densities and eosinophilia, but 
without appreciable effect on the local lesions. 

In that regard Zubiani (1940) has noted that adrenalin seems to have little 
effect on the pulmonary vessels. He suggested a pharmacodynamic action of 
histamine as a contributory factor in vasodilatation of capillaries to induce this 
change in the pulmonary pattern. Choline and acetylcholine might play a part 
in the asthmatic syndrome with action on the bronchial muscle. 

Karen and Singer have expended much effort in an attempt to classify the pul- 
monary infiltrations as to shape, density and size. The duration of the lesion was 
shorter than that observed in most cases. Their cases 3 and 5 are quite similar 
to some observed in our series. Their paper is of importance chiefly in pointing 
out the similarity of many of these focal areas of increased lung density to the 
parenchymatous lesions of tuberculosis. The danger of positive diagnosis on 
one roentgenographic examination is obvious. 

Treu (1943) has reported from Calcutta 2 rather characteristic cases of the 
syndrome which are quite different from the series of so-called ‘‘eosinophile lung”’ 
reported from southern India by Frimodt-Moeller and Barton. Both of Treu’s 
cases had been considered tuberculous. Both recovered. 

Glenn’s (1943) case is of interest in that it also was thought to be tuberculous, 


q 
¥ 
q 
4 


6 PEIRCE, CRUTCHLOW, HENDERSON AND MCKAY 


but especially that it introduces a different type of possible irritant source as 
allergen in the nature of an epidermophytosis. No fungi were found in the 
sputum. Tuberculosis was excluded by a direct examination of sputum and by 
guinea pig inoculations. The lung fields cleared in two months after considerable 
variation and shift of the pulmonary densities. 


CASE REPORTS 


Case 1: A. R. (41-8618), aet. 14, had had asthma for four years, was allergic to ragweed. 
On admission she was in acute respiratory distress. On admission the temperature was 
99°F ., subsiding the next day to normal and remaining so. Paranasal sinuses were cloudy 
on X-ray examination; washings produced fairly large amounts of Hemophilus influenzae. 
Musical rales, rhonchi, scattered moist rales and prolonged expiration were observed on 
clinical examination of the chest. 

Roentgenogram (22034 R.V.H.) of chest, December 5, 1943, showed parenchymatous 
haze and clouds with some lobular pneumonia. Check-up film on December 22, 1943 
manifested no residuum—an essentially normal appearance. 

White cell count on December 5, 1943 was 14,500, on December 8, 8,200 with 8 per 
cent eosinophils. 


Case 2: N. W. (43-15203), male, aet. 33, had had a chronic cough for two years, no al- 
lergic history although he was hypersensitive to aspirin, morphine and codeine. He was 
admitted in acute asthma without elevation of temperature. Allergic response to various 
antigens was mixed. There was both X-ray and clinical evidence of chronic bilateral 
maxillary and ethmoid sinuisitis with nasal polypi and edema of the mucous membranes. 
Bacteriologic studies identified only the usual flora. Scattered rhonchi and moist rales 
were found on clinical examination. 

Roentgenograms (59585 R.V.R.) showed only parenchymal haze and slight peritruncal 
accentuation, no marked changes. White cell count was 8,000, sedimentation rate 
15 mm. 

This case was incompletely studied, due to various factors. Discharged improved. 


Case 3: A. H. (41-3443), male, aet. 33, had had asthma and sinusitis for some time, more 
during the previous year, with urticaria in the periauricular area. On admission in 
November, 1941 his temperature reached 100°F., subsiding rapidly to normal. Antral 
washings afforded a moderate growth of Staphylococcus pyogenes. Eosinophilia in 1940 
varied between 13 and 35 per cent; in November, 1941 it was 55 per cent and in January, 
1942, 57 per cent, the white count having dropped from 23,000 in November, 1940 to 
15,000 in January, 1942 and 14,600 in August, 1942, with an eosinophilia of 34 per cent. 
Stools contained no parasites. Bone marrow showed hyperplasia of eosinophilic cells. 
Chest X-ray study at the Montreal General Hospital in 1940 showed vague shadows 
in both infraclavicular regions. Repeated roentgenograms from August 9, 1941 to Sep- 
tember 8, 1942 demonstrated more or less persistent parenchymal haze in the apices and 
variable parenchymal clouds to nodular zones of increased density in the bases, with some 
emphysema. Except for the slight residual changes in the apices the lungs were radio- 
logically clear in September, 1942. 

The patient had shown some nodules in the skin of the abdomen. Biopsies in Sep- 
tember, 1942 confirmed the diagnosis of periarteritis nodosa with unusually marked 
eosinophilia. 
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Case 4: H. 8. (42-13844), male, aet. 34, is being reported elsewhere in full (by A.T.H.). 
He has been followed for the longest time and in greatest detail. His pulmonary history 
goes back to 1921 (M.G.H.), when the early films showed some change from whose re- 
corded description it seems probable he had a Loeffler’s syndrome at that time. The 
pulmonary changes have run the gamut from parenchymal haze to nodular areas of in- 
filtration. The eosinophilia has been fluctuant and more or less related to the extent 
of pulmonary changes shown on the roentgenograms. Bacteriologically, the offending 
organism seemed to be chiefly H. influenzae. Autogenous vaccine has apparently aided 
markedly in his recovery and present well-being which now has lasted over eighteen 
months. 

This man is an example of the group erroneously considered tuberculous, for he had a 
sojourn in the sanatorium during 1933, being discharged when the diagnosis was not 
confirmed. 

Eosinophilia has ranged as high as 56 per cent, the white count to 60,000 but the rela- 
tive eosinophilia has not been consistently proportionate to the leucocytosis. 


Case 5: (47-9009), male, aet. 54, had had asthma for nine years and was admitted in 
considerable respiratory distress. He had developed a severe eczematoid dermatitis of 
the hands in 1941, causing considerable difficulty in continuing his occupation. His 
temperature never exceeded 99°F. Sensitivity to grass and ragweed pollens was found, 
paranasal sinuses were not appreciably abnormal, sputum culture showed no unusual 
flora. 

White cells were 14,000 with an eosinophilia of 8 per cent on admission, declining to 
6,200 three weeks later. The lung fields, on X-ray examination (56559 R.V.R.), showed 
parenchymatous and peritruncal haze in the upper lobe with peritruncal infiltration in 
both bases. The lungs were subjected to roentgen therapy for the asthmatic distress 
with complete relief, but consequently control roentgenograms are not valid as com- 
parisons. 


Case 6: N. G. (43-9415), male, aet. 53, had been an asthmatic for two years. His father 
had had hay fever. On admission, his temperature was 99°F ., spiking to 101°F. on two 
occasions; moderate sinusitis was present. The lungs presented radiologically consider- 
able areas of parenchymal haze and infiltration strongly suggesting some edema, shifting 
from place to place. Sputum culture yielded considerable growth of Hemophilus 
influenzae with the other usual flora. 

The white cells dropped from 22,400 on admission to 11,000 a month later, although the 
eosinophilia remained high, 37 to 40 per cent. The sedimentation rate dropped from 53 
to 31 mm. 

He was discharged improved after one month in hospital. 


Case 7: G. A. (44-1108), female, aet. 23, had had asthma for six months, a mixed allergic 
state, with rhinitis and allergic sinusitis. 

On admission in January, 1944 she seemed quite ill, possibly with a lobular pneu- 
monia. However, her temperature did not exceed 99°F.; on repeated cultures of the 
sputum H. influenzae was isolated and on one occasion a pneumococcus type VI in addi- 
tion to the usual flora. White cells were 9,000 with 5 per cent eosinophilia and 23 mm. 
sedimentation rate. Four months later the white cells increased to 20,000 rising to 32,000 
in the following eight days; then subsiding to 12,000 in the next fortnight. The relative 
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Fig. 1. Case 7. (R.V.H. XR 238366/44-1108) Female, aged 23, asthma for six months 
prior to admission. 

(a) January 26, 1944. Seemed quite ill, but temperature not over 99° F. White count 
9,000, eosinophils 5 per cent. Chest roentgenologically clear. 

(b) April 28, 1944. Clinically improved, but white count 20,000, eosinophils 13 per cent. 
Roentgenologic evidence of gross, amorphous parenchymal density in both right upper and 
left lower axillary lung fields. 

(c) May 3, 1944. (Five days later) White count 22,000, eosinophils 16 per cent. Pre- 
vious infiltration gone, but others in the left extreme costophrenic angle and overshadowing 
left hilum. 

(d) May 23, 1944. White count 12,000, eosinophiis 20 per cent. Chest roentgenologi- 


eally clear. 
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Fic. 2. Case 8. (M.G.H. 43-7504) Male, aged 63. Symptomless and apparently well 


on employment and recheck examinations, until cholecystectomy in August, 1943. Unevent- 
ful convalescence. 


(a) October 23, 1943. Anorexia, nausea and night-sweats for three days. Temperature 
98° F. No abnormal physical signs in chest. Roentgen examination showed diffuse sub- 
plural densities in left upper axillary field. October 28, 1943: Eosinophils 58 per cent. 

(b) November 4, 1943. Temperature 103° F., acute pityriasis. Bilateral axillary 
changes. No physical signs on auscultation. 

(ec) November 12, 1943. Readmitted to hospital. White cells 16,000, eosinophils 57 
per cent, but no notable physical signs. Roentgenologically improved. 

(d) November 26, 1943. White cells 11,500, eosinophils 19 per cent. Chest essentially 
clear on X-ray examination. 
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eosinophilia progressively rose to 13 per cent on May 1, reaching 20 per cent on May 25. 
The sedimentation rate on May 1 was 53 mm. dropping to 49 mm. by May 25. 

The roentgenologic changes were those characteristic of the syndrome with shifting 
and fleeting zones of parenchymal haze and paratruncal infiltration. She left the hos- 
pital improved. 


Case 8: H. J. McL., male, aet. 63, (M.G.H. 43-7504) was classified in category “A” at 
the time of a clinical and radiological employment examination on October 7, 1941. A 
further X-ray check-up on December 9, 1942 showed a normal chest. He recovered 
readily from a cholecystectomy in August, 1943. On October 23, 1943 he consulted his 
physician because of anorexia, nausea and night-sweats for the previous three days. His 
temperature was 98°F. The lungs were clear on physical examination, but radiologically 
showed diffuse subpleural parenchymal cloudy densities throughout the right upper 
axillary and the left axillary lung fields with a nodular dense area obliterating the right 
costophrenic angle. All of this could have been interpreted as evidence of a fulminating 
pulmonary tuberculosis or diffuse lobular pneumonia, save that its distribution was ir- 
regular and not geographically anatomic. 

The hemogram of October 28 showed a 58 per cent eosinophilia. 

On November 4 he had a temperature of 104°F. and exhibited an extremely itchy 
erythematous rash over the trunk. His lungs were still clear on auscultation. He was 
admitted to the hospital (M.G.H.) on November 12, 1943. His blood pressure was 
110/60, temperature normal, breath sounds slightly harsh in left lower and right upper 
chest and there were no rales. Roentgenograms (251393) showed improvement of the 
lung fields since October 23. White cells were 16,000, with 57 per cent eosinophils. Left 
axillary nodes were enlarged and tender. 

On November 20 his physician noted in the record “Chest examination almost nega- 
tive. I would never suspect from physical examination the condition found on X-ray 
examination.” Stools contained no ova. Tests for brucellosis were negative. 

As of November 26, eosinophilia was 19 per cent. Chest X-ray (251897) appearance 
had almost cleared on right, improved on left. Clinical diagnosis: Pityriasis rosea, 
Loeffler’s syndrome. 

A recent report from his physician (May 12, 1944) states that he became well in about 
four months, and had recently been found “extremely fit.” 


DISCUSSION 


Repeatedly in the literature, notation has been made that the reported case 
had been considered either a tuberculosis suspect or a positive case. A consider- 
able number of the reported cases and also in our series had clinical symptoms and 
signs compatible with pulmonary tuberculosis: more or less cough, slight to mod- 
erate malaise, loss of weight, changes in physical findings, some crepitant rales, 
occasionally post-tussive, some history of exposure or indication of previous 
tuberculosis, some with mildly positive skin reactions. On the other hand, a 
large number of Loeffler’s cases were picked up radiologically on routine surveys. 

Loeffler and others have emphasized the relative apparent well-being of the 
individual patient in contrast to the degree of his roentgenologic and hemato- 
logic abnormality. As Freund and Samuelson observed, few have sufficient 
symptoms, aside from their asthma (to which they may be more or less accus- 
tomed), to cause them to consult a physician. 
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The roentgenologic manifestations of the syndrome may be confused by the 
uninitiated with an acute focal lesion or the massive involvement of tuberculosis. 

However, in our series the X-ray studies presented sufficient characteristics 
to differentiate the cases from pulmonary tuberculosis. The two main features 
are the extent and texture of the pulmonary change and the remarkable variabil- 
ity, even in the same patient at any one time or from time to time, as regards size, 
shape and amount of lung involved. The distribution is not that commonly 
manifest in tuberculosis. .The individual foci are usually associated with the 
lesser anatomical divisions or segments of the lungs but do not have a true 
lobular configuration as we know it from anatomical and bronchographic studies. 
Nor is there an associated peribronchovascular infiltration toward the lung root. 

The amorphous character of the individual focus, the appearance of a rapid 
migration from one portion of lung to another without use of connecting path- 
ways, the transient nature with short duration are notable features. We have 
not found direct relationship between clinical state and the extent and degree of 
increased pulmonary density as in the classification made by Karen and Singer. 

In general, the texture of the individual roentgenographic shadow is that of a 
haze or cloud, sometimes so confluent over so great an amount of lung tissue as to 
suggest consolidation. But yet none have been actually dense enough to be so 
considered. Any atypical, evanescent parenchymal or peritruncal shadow should 
be regarded with caution, especially when it does not conform to a common ana- 
tomical pattern. Such should be observed frequently over a few days to weeks. 

A potential allergic causative factor is strongly suggested in the literature and 
by our cases. The otherwise unexplainable and marked eosinophilia cannot be 
disregarded. The fact that rise and fall in degree of eosinophilia does not directly 
coincide with the extent of the pulmonary involvement is not considered incom- 
patible. The majority of our cases have shown evidence of paranasal sinus dis- 
ease, predominantly of the edematous type. The majority of our cases had spe- 
cific allergic sensitivity in some degree. A large number of the cases cited in the 
literature and the majority of our series had asthma, paranasal sinusitis or peri- 
odic bronchitis of undetermined etiology. Several had allergic dermatosis. 

What then is the nature of this disturbance which will induce rapidly changing 
pulmonary densities of an amorphous haze or cloud to ebb and flow, or flit from 
region to region in the lung? We cannot quite concur with the late Sir Pendrill 
Varrier-Jones (Lancet, 1942, 1, 368) that “‘we take an X-ray film and are filled 
with wonder at the complications of nodes and shadows, not sufficiently realizing 
that what we are gazing at is the picture of past battles, filled-in trenches, ex- 
ploded mine-craters and the like. What we imagine we see, but do not, is the 
advancing army of disease... We have interpreted the X-ray film wrongly— 
we have used it as a picture of the present battle, whereas it is but the shadow of 
past conflicts.” For in the most severe case (no. 4) which has been closely fol- 
lowed by one of us (A. T. H.) over a considerable period there is now no appreci- 
able evidence of the “past conflicts” which radiologically were often alarming. 
Attention has already been called to the lack of residual substrate in the cases 
which have subsequently come to necropsy (Saupe, Wharton-Smith). 
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Sisson and Vogt’s case is indicative of the possible extreme involvement which 
can take place in the anaphylactic episode and rapidly resolve without residual 
trace. 

Oertel has pointed out that “Edema occurs without any such tremendous acute 
congestion as is required to produce it experimentally,” ‘“mere mechanical pres- 
sure of fluid through congested capillaries (is) not the only essential element in 
the occurrence of edema.”’ This point is supported by the large number of in- 
stances in which edema in the lung appears without any heart weakness, as well 
as by the not uncommon irregular, selective distribution of edema in differ- 
ent lobes and even in parts of lobes. This fact has led to the conception of 
nutritional and toxic edemata, as a result of which the permeability of pulmonary 
vessels is increased. 

The evanescent character of the occasional almost massive involvement 
can hardly be conceived to permit serious consideration of a cellular infiltrate as 
a prominent component of the shadows thrown upon the roentgenograms 

On the other hand it is possible that should such an edema recur frequently and 
persist long enough the mechanical disturbance so effected in the walls of the 
lesser vessels and the peritruncal connective tissue might produce a pattern simi- 
lar to that of periarteritis nodosa with subsequent “fixed” state as shown by 
Hermann’s and Bass’s cases and one of ours (case 3). 


CONCLUSION 


It is our belief at the present time that these evanescent and variable areas of 
increased pulmonary density are focal zones of transient pulmonary edema, prob- 
ably associated with the allergic state;.they are a local manifestation of the 
individual’s response to an allergen elsewhere, not an inflammatory nodule nor 
a more general reaction. 

It is possible that, if such a state should persist long enough, a pattern sugges- 
tive of periarteritis nodosa might be established. 

Kosinophilia and roentgenographic pulmonary involvement are out of all pro- 
portion to the clinical evidence of disease. 

Under adequate treatment marked improvement is to be expected. 

Extreme care must be exercised by the phthisiologist, other chest specialists 
and the radiologist to ensure that no such cases be stigmatized with the diagnosis 
of tuberculosis or tuberculosis suspect on one roentgenographic observation. 
Careful clinical history and physical examination are still required for diagnosis. 


CONCLUSION 


Es nuestra creencia actualmente que las zonas evanescentes y variables de 
mayor espesor pulmonar representan zonas focales de edema pulmonar tran- 
sitorio, asociadas probablemente con el estado alérgico, y siendo una manifesta- 
cién local de la reaccién del individuo a la presencia de un alergeno en otra parte 
y no un nédulo inflamatorio o una reaccién mas general. 

Es posible que si tal estado persiste por suficiente tiempo, podria establecerse 
una patologia indicativa de periarteritis nudosa. 
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La eosinofilia y la invasién pulmonar revelada por los rayos X, no guardan la 
menor proporcién con los signos clinicos de la enfermedad. 

Con tratamiento adecuado cabe esperar mejoria decidida. 

El tisidlogo, otros especialistas tordcicos y el radidlogo, deben desplegar sumo 
cuidado a fin de no imponer a esos enfermos un estigma de tuberculoso 0 sospe- 
choso, basado en una sola observacién radiografica. Para el diagnéstico todavia 
se necesitan una historia clinica y un examen fisico cuidadosos. 
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DISCUSSION 


Dr. C. C. Birkelo, Detroit, Michigan: Doctor Peirce has given us much food for thought. 
I am sure that many patients of the type he has presented have passed through our hands 
and been called bronchopneumonias. Our chief difficulty is that as soon as we make a 
diagnosis of a nontuberculous condition, they are referred elsewhere, and we do not get 
the necessary laboratory work-up which they should have. 

There are, in the main, two types of pulmonary shadows or infiltrations in this group 
although Loeffler mentions four types. There are those shadows which form small or 
large areas of consolidation and may be mistaken for either tuberculosis or broncho- 
pneumonias, and second, those which are primarily basal and resemble bronchiectasis. 

Of the first group, I should like to show slides of 2 cases which came to our hospital 
with a diagnosis of tuberculosis. Both gave history of recent colds which had passed and, 
at the time of entrance, they were without important symptoms. Both cleared in a 
month’s time and were discharged as bronchopneumonias. Their blood picture was 
within normal limits, but no differential count was made. 

Of the second type, namely the bronchiectatic type, I should like to show one case: 


J. E.: White male, age 51. Was first admitted to another hospital as an asthmatic and 
so treated, with some improvement. At this hospital, positive sputum was found and he 


was sent to us. At our hospital all sputa were negative for tubercle bacilli. 

He had no asthmatic attacks while with us, but he showed a gradually rising white 
cell count which reached 30,000 with eosinophils which went as high as 60 per cent. 

White cells gradually decreased but the eosinophil count remained high longer, but 
it also gradually decreased. Heart and E.K.G. were found to be normal. Bronchoscopy 
was negative. Sternal tap showed no immature cells. Allergic tests revealed reaction to 
sweet potatoes, spinach and short ragweed, house dust and B. coli communis. 

Final diagnosis: Basic allergy to account for eosinophilia; bronchiectasis. 

The patient was discharged to the Out-Patient Department. His last blood count 
was in April, 1944: white count normal; eosinophils 5 per cent. 
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BED-REST IN TUBERCULOSIS! 
Its Dangers and Proprieties 


WILLIAM M. PECK anp HENRY STUART WILLIS 


Current interest in the dangers from bed-rest challenges those who treat 
tuberculosis because this disease represents the classical example in which bed- 
rest is the accepted and approved mode of treatment. If bed-rest exerts a bane- 
ful influence on people ill of other disease, should it not hold the same dangers 
for tuberculous patients? And if the dangers do apply, are they commensurate 
with the risk which patients must take from tuberculosis treated without 
bed-rest? 

What are these dangers of bed-rest? Some of them have been mentioned 
prominently in connection with other diseases and are under close scrutiny 
at present. Some are specific, some are general and others are more or less 
peculiar to the care of tuberculous patients. Dangers pertinent to rest in 
tuberculosis are: (1) pulmonary infarction; (2) inadequate drainage of pulmonary 
lesions; (3) emotional maladjustment; and (4) improper correlation with collapse 
therapy. Brief discussion of these points seems to be indicated. 


DANGERS OF BED-REST 


(1) Pulmonary infarction: Current thought suggests pulmonary infarction as 
a danger of paramount importance in people kept abed. What does the record 


show for the occurrence of this complication in the bed-fast tuberculous person? 
A certain amount of data is at hand on this question. The Wm. H. Maybury 
Sanatorium has employed bed-rest and collapse therapy for almost twenty years. 
It has 845 beds which are usually occupied. Approximately one-half of the 
patients at any given time will be on a strict bed-rest regimen which does not 
allow the patient to leave his bed during the twenty-four-hour day. Such bed- 
fast patients fall into two groups: one comprises terminal patients who remain 
abed until death supervenes; the other embraces the average new admission and 
many of the longer-term patients who offer reasonable prospect of recovery. 
These patients remain on a strict bed-rest regimen for weeks or, more often, for 
months before bathroom privileges are gradually added to their routine. In 
this way a period of three or four months of modified bed-rest may occupy the 
interim between the term of strict bed-rest and exercise. 

The first group furnishes nearly all of.the postmortem material, analysis of 
which may be of interest. For eighteen years this institution has operated with 
a full-time pathologist. In this time 1,682 patients have died in residence, repre- 
senting 14.6 per cent of all admissions. Of these, 751, or 44.6 per cent, have 
come to postmortem examination. No selection was shown in obtaining autop- 
sies—the industry and finesse of the physician and the caprice of the relatives 
being the only determining factors. These 751 autopsies have yielded patho- 


1 From Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 
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logical signs of pulmonary embolism in 11 cases,? an incidence of 1.5 per cent. 
Nine of these belonged to the group of terminal patients so that the final progno- 
sis was altered in no way by the occurrence of infarction. Each of the 2 remain- 
ing patients had a poor, but not necessarily hopeless, prognosis. Thus in only 
2 instances out of 751 autopsies could infarction appear to have contributed to 
the fatality. 

This low incidence of infarction is remarkable when one considers that in most 
instances dying from tuberculosis is characteristically protracted. Terminal 
patients often insist religiously upon lying in one position for many hours at a 
time for fear of inducing cough or hemoptysis by moving. This should favor the 
development of phlebothrombi; on the other hand, such terminal patients con- 
tinue to lie quietly in bed until death and, by their inertness, possibly prevent 
phlebothrombi from giving rise to embolic phenomena. From this experience, 
pulmonary infarction does not appear to be a danger of great consequence to 
the tuberculous patient who is kept at bed-rest, particularly when the prognosis 
of the patient is good. 

(2) Inadequate drainage of pulmonary lesions: Bed-rest may mean many things 
to many people. To some its limitations are not breached by any activity of 
the patient until he places his foot on the floor. This is bed-rest in name only 
and is therapeutically relatively inert. To others it has an increasing therapeutic 
value as a state of absolute immobility is approached. Unreasoning adherence 
to this latter concept fails to take into account the need for pulmonary drainage, 
especially cavity drainage. In its usual application patients are encouraged 
to remain in one position, frequently on their backs. Since cavitation is known 
to occur with notable predilection posteriorly in the chest, the problem of drain- 
age in a recumbent patient should be recognized as vital. Adequate drainage 
is basic in all other inflammatory processes. Yet by a curious paradox those 
of us who insist on attention to this principle in all other affections, make no 
such requirement in tuberculosis, and few of us consider it necessary to determine 
the precise location of the disease in the lung before putting the patient to bed. 
The prescription for bed-rest, therefore, should take into account details for 
positioning the patient at intervals during bed-rest. Otherwise, evacuation of 
cavities and elimination of pendent secretions must depend on explosive and 
damaging cough, and the healing process will be retarded. From this point 
of view may not some so-called “blocked cavities’’ be only “‘dependent cavities’’? 
Possibly the phthisiotherapist’s neglect of drainage has been encouraged by his 
tendency to think of the three dimensional chest in terms of a two-dimensional 
film. 

In many sanatoria it is fashionable to apply so-called “postural rest’’ to pa- 


2 Included in this list are all patients who showed evidence of either pulmonary infare- 
tion or embolism of the pulmonary artery; 5 of these showed the latter only. A good many 
of the autopsies mentioned in this study were performed in the years before interest in 
pulmonary embolism became lively. It is possible, therefore, that the examination may 
have overlooked instances of embolism without infarction; it is unlikely, however, that 
cases of infarction escaped detection. 
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tients with unilateral cavitation, especially to those who are awaiting thoraco- 
plasty. The patient is encouraged to lie on his “cavity side” with the idea that 
the less involved lung will be protected from positive sputum. Is this not 
specious reasoning? The behavior of iodized oil in the chest during cough 
suggests that the entire tracheobronchial tree, in the presence of cavity, may be 
bathed frequently in cavitary contents and thus be contaminated with tubercle 
bacilli. It would seem, then, that “postural rest” cannot maintain unilateral 
asepsis. On the other hand, it encourages stagnation of sputum in the cavity 
and other pendent portions of the lung. These puddled secretions must be 
eliminated but this can come about only by hard, forceful cough which tends to 
spread this material indiscriminately throughout the tracheobronchial tree and, 
by its explosive nature, forces it into the alveoli. Such a scheme is an open 
invitation to wide-spread extension of disease in either lung. 

Examples abound which indicate unintelligent use of bed-rest. For instance, 
a girl of 13 was admitted from home a few months ago with tuberculous disease 
involving her right lung. For three months she had been required to remain on 
a strict bed-rest regimen and to lie always on her affected side. The treatment 
had been adhered to blindly, and bathing of the dependent side had been with- 
held during this time so that it had become filthy, though the remainder of her 
body was scrupulously clean. Secretions from the diseased area appeared to 
have accumulated even in the larger bronchi leading to the part, and the child 
presented a lung saturated with its own secretions. Extensive bronchiectasis 
in the upper lobe was subsequently shown to be present, which may well have 
developed as a direct result of improper bed-rest. 

Several other conditions apt to be present in the tuberculous patient likewise 
tend to accentuate inadequate drainage. Extrinsic pressure from enlarged 
lymph nodes in primary tuberculosis and tuberculosis of the bronchus not infre- 
quently produce stasis of secretions resulting in obstructive pneumonitis. The 
habit of keeping the patient in one position after hemoptysis may likewise con- 
tribute to spread of disease through improper drainage of contaminated blood. 
In chronic tuberculosis a high incidence of associated bronchiectasis exists which 
must be borne in mind in its need of drainage. 

(3) Emotional maladjustment: It is a rare person who can accept undaunted 
a diagnosis of tuberculosis. For him this is a catastrophe of world-shaking mag- 
nitude; lifetime ambitions are dashed away and the future suddenly appears 
inextricably complicated. He could well use the services of a psychiatrist, a 
sociologist and a philanthropist. Instead, we give him a hospital number, 
commit him to bed under an inflexible routine and henceforth concern ourselves 
only with the status of his thoracic contents. Thus we highlight the old saw 
that, in the mind of the phthisiotherapist, the patient is but “a pair lungs on a 
pair of legs.” We leave the solution of his emotional crises to chance and his 
adaptation to an unnatural life in bed to nurses whose training is not expected 
to embrace such matters. Many patients do adapt themselves shortly to their 
new requirements, but little wonder that evidences of emotional maladjustments 
show themselves in good number! In this type of patient tenseness, apprehen- 
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sion or despondency are common, as are a feeling of exhaustion from lying in 
bed and complaints of muscular pains which lead to constant fidgeting for a 
comfortable position. Such complaints as anorexia, insomnia, palpitation and 
constipation are almost routine from him and cough may be unnecessarily severe 
and damaging. In this way he fails wholly to take bed-rest although he remains 
in bed. The explanation that such patients tolerate bed-rest poorly in no way 
relieves us of our responsibility but rather signalizes a lack of bed-side clinical 
finesse, although it is obvious that a few patients are so constructed mentally 
as to nullify one’s best and most intelligent efforts. Proper bed-rest is too 
valuable a tool to be used in a haphazard and reckless way. It is wholly worthy 
of the physician’s best attention. 

(4) Improper correlation with collapse therapy: Bed-rest and collapse therapy 
are integral and complementary parts of the sanatorium regimen and allow no 
competition, as divergent schools of thought seem to indicate. It is a fallacy 
to become so misled by brilliant results that occasionally obtain from bed-rest 
alone or from collapse alone that one places his entire reliance on a single method. 
It should be emphasized that a well balanced therapeutic program for the tuber- 
culous patient employs all proved methods of treatment, combining them in 
the individual case as judgment and experience indicate. 

Bed-rest is the foundation therapy, and upon its integrity depends the success 
of the entire treatment. When of high quality, great confidence may be placed 
in it, and collapse procedures may be added immediately, deferred for some more 
favored moment or withheld altogether, depending on the indications—all with 
the confidence that optimal conditions for recovery have been given to the 
patient. By thus recognizing bed-rest as a responsible therapeutic instrument, 
the dangers of overcollapse with curtailment of respiratory function may often 
be circumvented. In any institution with a well equipped collapse program, 
exacerbations appear to be related more often to improper rest than to any 
other factor. In this respect it is a significant commentary that physicians who 
relegate bed-rest to nursing supervision have little confidence in it and, with 
just cause, prefer to rely wholly on collapse procedures. Herein lies a real 
danger, rarely considered. 


PROPRIETIES OF BED-REST 


What, then, is good bed-rest? What features should be retained and what 
avoided? Krause has defined rest as relief from strain. In bed-rest, therefore, 
mental repose and muscular relaxation are the vital features, and any rest 
regimen which fails to include them cannot fairly be considered a therapeutic 
procedure. It is a sensitive therapy which, by its results, reflects the care and 
finesse of its administration. For this reason it must be considered a medical 
problem to be handled only by physicians of proper temperament and training. 

Much time must be spent with a patient in helping him to become adjusted 
to his changed situation. Psychological, social and economic problems must 
be discussed with him and simplified. He must be actually indoctrinated with 
a philosophy which permits him to accept his disease with equanimity and to 
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submit completely and cheerfully to rigid discipline. Enthusiasm for the 
future and a will to recover must be stimulated to such a degree that the restric- 
tions of bed-rest seem a small price to pay. Thus the seeds for future rehabilita- 
tion are planted at the very inception of treatment and many troublesome emo- 
tional maladjustments avoided. 

Muscular relaxation comes unnaturally to many patients and may be taught 
only by daily, painstaking repetition. Once achieved, rest in bed becomes 
pleasant and comfortable. Although continuous recumbency is desirable, inert- 
ness is not wanted, and the patient should be encouraged to seek his own most 
restful position. On the contrary great insistence should be placed on change 
of position frequently enough to insure adequate drainage of all parts of the 
chest. This will involve lying in prone, supine and both lateral positions. Once 
the exact location of the pulmonary disease has been determined and the relative 
importance of each position appreciated, more detailed instructions may be 
given, bearing in mind that stasis of contaminated secretions in normal areas 
of the lung must be avoided just as zealously as drainage of diseased areas is 
encouraged. This regimen leads to obvious loss of muscle tone. Such loss, 
however, does not appear to affect the patient adversely, and the tone is promptly 
restored when the patient begins to take exercise. 

Good bed-rest, accordingly, is a precise method of treatment with clear-cut 
specifications and is based on three fundamental principles: mental repose, 
muscular relaxation and adequate drainage. Other details are less important 
and may vary with the type of nursing care available—this without materially 
affecting final results. Thus, such questions as assistance with meals, bedpans 
and baths are of secondary interest. The excuse that facilities for good bed- 
rest are lacking can be rarely substantiated on any ground save that of 
insouciance. 

The present paper represents our current clinical impressions. Its limitations 
do not allow discussion of several important points respecting the value of bed- 
rest. Work is now under way in this institution which is aimed at obtaining 
more factual data in statistical form on a number of questions, such as how good 
is a strict bed-rest regimen as compared with a modified one? What is the rela- 
tion of the healing process to lowered metabolism and other physiological altera- 
tions associated with bed-rest? How long should bed-rest be continued in given 
types of disease? 


SUMMARY 


1. Pulmonary infarction and embolism of the pulmonary artery were found 
in 1.5 per cent of 751 autopsies on tuberculous persons. 

2. Certain other dangers may be associated with bed-rest in this disease. 
Among these are the failure: 

a. To obtain adequate pulmonary drainage. 

b. To meet the emotional maladjustment so often present in patients. 

c. To correlate properly collapse therapy and a bed-rest regimen. 
3. The evils which adhere to bed-rest are incident to its mode of application. 
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Good bed-rest will avoid these dangers and retain its full therapeutic value. 
Poor bed-rest is often therapeutically inert and can be aptly called bed-fatigue. 

4. Proper bed-rest should include mental repose, muscular relaxation and 
adequate pulmonary drainage and should not be thought of as mere regimenta- 
tion inf recumbency. 

5. Bed-rest is inherently valuable but unreliable when administered indiffer- 
ently. It warrants constant, critical attention by the physician in order to 
insure good results. 


SUMARIO 


1. En 1.5% de 751 autopsias en tuberculosos, observaronse infarto pulmonar 
y embolia de la arteria pulmonar. 

2. En esta enfermedad el reposo en cama puede acompaiiarse de ciertos otros 
peligros, entre los cuales figuran la falta de: 

a. Obtencién de unc canalizacién pulmonar adecuada; 

b. Compensacién del desajuste afectivo que es tan frecuente en los enfermos, y 

c. Correlacién apropiada de la colapsoterapia y del encamamiento. 

3. Los males que acompafian al reposo en cama se relacionan con la forma en 
que se aplica. El reposo apropiado evitard dichos peligros y retendr4 su pleno- 
valor terapéutico. El reposo mal aplicado resulta terapéuticamente inactivo y 
puede mas bien Ilamarse fatiga en cama. 

4. El descanso en cama apropiado debe comprender reposo mental, dilatacién 
muscular y canalizacién pulmonar adecuada sin que deba considerarse como 
mera regimentacién en dectbito. 

5. El reposo en cama es en principio valioso pero inseguro si se administra 
apdticamente, de modo que justifica la constante atencién cuidadosa de parte del 


médico a fin de asegurar el éxito. 
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BRONCHOGRAPHY IN PULMONARY TUBERCULOSIS! 


V. Artificial Pneumothorax 


B. A. DORMER, J. FRIEDLANDER anp F. J. WILES 


Previous papers have dealt with early pulmonary tuberculosis, the radiological 
“black-out,’’ the problem of chronic fibroid phthisis and the geography of the 
bronchial tree in pulmonary tuberculosis. This one introduces the subject of 
artificial pneumothorax. This form of treatment remains largely empirical. 
It works, but nobody has been able to explain precisely why. It is certainly 
not because of resting the lung or “splinting” the lung. There is retraction of 
the diseased tissue in the lung. There is lymph stasis, so it is said, and there is 
increased blood supply. None of these factors, however, adequately explain 
why pneumothorax is of therapeutic value. 

If we study a normal bronchogram in inspiration and expiration, we notice 
that there is an alveolar filling which is characteristic. There is movement of 
the whole bronchial tree with respiration and obvious dilatation of the individual 
bronchi on inspiration. In the bronchogram of an early case of exudative pul- 
monary tuberculosis, the alveolar pattern is missing in the areas of infiltration 
and the bronchioles in those areas are blocked. 

In a bronchogram of a patient with early exudative disease and a recent, un- 
complicated artificial pneumothorax, the alveoli are still not filled in the area of 
disease. In the area surrounding the actual infiltration the alveolar pattern 
is not completely absent, but there is definite blockage of some of the bronchioles 
as compared with a completely healthy lobe of the same lung which shows an 
alveolar pattern. Even in the healthy lobe the alveolar filling is not as marked 
as in a normal uncollapsed lung showing that a certain number of alveoli are 
closed by retraction. 

As the refills are continued, fewer bronchioles are seen to be blocked and 
eventually they all become patent. The alveoli are then seen to be filling again 
in the diseased lobe, except in the actual area of infiltration where they remain 
permanently collapsed. 

How to explain this phenomenon? In early exudative disease there is blockage 
of the bronchioles causing areas of atelectasis. The result of this is an area 
of pneumonitis, tuberculous in nature, and ultimate softening and discharge of 
contents leading to bronchiectasis and/or cavitation. The cause of the atelec- 
tasis is central. 

In an artificial pneumothorax the collapse is from the periphery. Reducing 
the subatmospheric intrapleural pressure allows retraction of the diseased area, 
and large numbers of alveoli cave in. The general retraction and shrinking of 
alveoli and connective tissue prevent further infection and tend to squeeze 
liquefied tuberculous material out of the blocked bronchioles leaving them 
patent. This allows healing by fibrosis of the approximated thin walls of recent 
cavities and recent bronchiectasis in the actual area of disease. At the same time 


1 From the King George V Hospital for Tuberculosis, Durban, South Africa. 
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the surrounding alveoli, which would also have become diseased if their bronchi- 
oles had remained blocked, are now able to expand and occupy the space left by 
the contraction of the fibrosed area. In other words, pneumothorax is effective 
because it eliminates the blockages in the bronchial system. 

It has been shown experimentally that bronchiectasis results from the com- 
bined action of bronchial block and infection, and in experimental animals it has 
been found that artificial pneumothorax does not prevent bronchiectasis when 
these two factors are in operation (Tannenberg and Pinner (1)). We have noted, 
however, that if bronchiolar or bronchial block is caused by substances natural 
to the lung, that is, viscid sputum, containing either tubercle bacilli or other 
organisms, then artificial pneumothorax will prevent bronchiectasis, if done 
soon enough, because it relieves the block by squeezing out the viscid plug of 
sputum. If the block is caused by a foreign body (whether naturally or artifi- 
cially introduced), then artificial pneumothorax does not prevent bronchiectasis 
because it cannot get rid of the block. This explains the discrepancy between 
the unsuccessful use of artificial pneumothorax in experimental animals with a 
mechanical block and the success of the same treatment in human beings with 
bronchial block due to viscid sputum, for example in postoperative atelectasis 
by artificial pneumothorax with complete success in each case. The sputum 
blocking the bronchi was coughed up shortly after inducing the pneumothorax 
and within forty-eight hours the lung had reéxpanded leaving no residual bron- 
chiectasis. 

The converse of our hypothesis is that pneumothorax is of no therapeutic 
value in a case where the bronchial] block persists in spite of the pneumothorax. 
In such a case we get the picture of ordinary lobar atelectasis within the artificial 
pneumothorax —— the so-called ‘‘black lobe.’’ This usually occurs as a result of 
kinking due to the pull of adhesions or similar causes leading to dislocation of a 
lobe or bronchus from its normal position. Artificial pneumothorax cannot get 
rid of such a block; it accentuates it, and unless the normal relationships are 
quickly established by cutting of adhesions or abandoning the pneumothorax by 
aspirating the air the end-result is lobar bronchiectasis or lobar cavitation. This 
lobar collapse or black lobe is one of the worst things that can happen in a case of 
artificial pneumothorax. 

If a bronchogram prior to an attempted artificial pneumothorax shows old- 
standing thick walled bronchiectatic bronchi or thick walled cavities, then it is 
of no avail to carry on with this form of treatment, as the ultimate result will 
be that the bronchiectasis or the cavities will still be present. We have learned 
from bitter experience that artificial pneumothorax is not a treatment for chronic 
bronchiectasis of nontuberculous origin or for chronic lung abscess, and logically 
should not be effective if the origin of these conditions is tuberculous. 

Artificial pneumothorax with superatmospheric intrapleural pressure is a relic 
of the days when it was thought that we ought to collapse a lung in the literal 
sense of the word. If persisted in, upsetting complications arise, the two most 
bothersome being tuberculous empyema and bronchopleural fistula. 

The movement of the treated lung in unilateral artificial pneumothorax is as 
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great or greater than in the uncollapsed lung. The swing of the mobile me- 
diastinum is an added factor in what we call the “physiological minuet.” In 
bilateral pneumothorax the movement of the lungs is not so great because of the 
stability of the mediastinum, but it is still appreciable. In view of this active 
movement in all directions it is unwise to talk of splinting the lung or putting 
the lung at rest by means of artificial pneumothorax. 

Here then we have presented our theory. Now let us look at our practice. 
The following cases illustrate in detail the points mentioned in this introduction. 
They are divided into six groups: 


Group 1: Normal bronchogram. 

Group 2: The average artificial pneumothorax. 

Group 3: Adhesions. 

Group 4: Black lobes. 

Group 5: Cavities. 

Group 6: Tension pneumothorax (superatmospheric pressure). 


ASE REPORTS 
Group 1. Normal Bronchogram 


The first two pictures can be taken as those of a normal bronchogram in inspiration and 
expiration. Two things are to be noted, namely, the alveolar filling and the bronchial 
movement. Even the apical bronchi show a well defined downward movement in inspira- 
tion. The alveolar filling is much less distinct in inspiration. The increase of bronchial 
diameter visible to the naked eye is also worthy of comment. (Figures 1 and 2.) 


Group 2. The Average Artificial Pneumothorax 


Case 2: C. 407, Indian male, aged seventeen years. History dates back for one year when 
he began to complain of giddiness, tiredness, coughing and of bringing up sputum. He is 
an ill-looking, thin Indian boy. Temperature and pulse are normal. Sputum contains 
tubercle bacilli. The physical signs are prolonged expiration and crepitations at both 
apices. 

X-ray film (figure 3) shows infiltration of the right infraclavicular region and a probable 
cavity in this area of about 13x linch. There is scattered infiltration in the left infra- 
clavicular region and midzone extending from the root to the periphery of the lung. 

A bronchogram of the right lung (figure 4) shows: 


(1) Blocked bronchioles in the area of infiltration—no alveolar filling. 
(2) The cavity shown in figure 3 is not a true representation of the actual cavity present. 
(3) Normal bronchogram with typical alveolar filling in the lower lobe. 


Because of the cavity it was decided to induce an artificial pneumothorax on the right 
side first. 

Figure 5 is a bronchogram done after the induction of the artificial pneumothorax (pa- 
tient lying down). This shows: 


(1) The size and shape of the cavity which communicates with a bronchus and the lack of 
alveolar filling in the diseased area. 
(2) The normal bronchogram in the lower lobe, but the shutting off of some alveoli. 
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The next two figures (6 and 7) are bronchograms (patient standing) showing the move- 
ment of the lung on respiration: 


(1) Note the extraordinary movement of the mediastinum, the trachea and bronchi and 
the lung to the left on expiration. 

(2) Note the vastly increased diameter of the bronchi in inspiration and their general 
movement. 


Fig. 1. Left; Fie. 2. Right 


(3) The diseased area is more homogeneous than the normal lung and, although the bron- 
chioles are mostly patent, the alveolar filling is not normal. 

(4) The movement of the diseased area is well shown by the increase in vertical diameter 
and the decrease in horizontal diameter of the cavity in expiration. 

(5) The bunching together of bronchi in expiration and the wide open motion in inspira- 
tion. 


Figure 8 is a bilateral bronchogram and shows on the left side blocking of the bronchi 
in the diseased area in the upper lobe and normal alveolar filling in the lower lobe. 

Figures 9 and 10 are bronchograms taken fifteen months later when a bilateral pneumo- 
thorax had been established for some months. They are taken in inspiration and ex- 
piration. Note: 
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Fic. 3. Upper left; Fic. 4. Upper centre; Fic. 5. Upper right; Fic. 6. Lower left; Fic. 7. 
Lower right. 
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(1) The cavity has closed and an area of fibrosis remains. There is now normal alveolar 
filling throughout the lung, with the exception of the area of fibrosis. 

(2) The absence of mediastinal swing now that the internal structures have been stabilized 
by the bilateral pneumothorax. 

(3) The wide movement of bronchi with respiration and the considerable increase in their 
lumen on inspiration. 


We consider this series of films important, as it shows our conception of the events occur- 
ring in an uncomplicated artificial pneumothorax and of the development of healing. 


Case 3: E. 358, European male, aged twenty-two years. He was perfectly fit until four 
months ago when he had a sudden hemoptysis. After that he began to cough and bring 
up sputum. He is fit looking. Temperature and pulse are normal. Sputum contains 
tubercle bacilli. There are no physical signs indicative of disease of the Jungs. 

An X-ray film showed extensive infiltration of the left infraclavicular and midzones of 
an exudative type. The right root area was enlarged and fluffy and there was some infil- 
tration of the right lower lobe. The right diaphragm was high and the right interlobar 
septum appeared to be depressed. 

An artificial pneumothorax was induced on the left side. 

Figure 11 is a double bronchogram showing: 


(1) The nonfilling of the diseased area on the left, and the well marked alveolar pattern 
of the rest of the lung. 

(2) The presence of a cavity with pressure on the right main bronchus. 

(3) The normal alveolar picture of the right upper lobe; the lack of alveolar filling of the 
right base is the result of the partial collapse. 


This case is instructive apart from showing the effects of an artificial pneumothorax 
because the conventional radiograph gave no clue to the cavity in the right root area. 


Group 3. Adhesions 


Case 4: C. 170, Indian male, aged twenty-one years. He became ill “‘some time ago” 
with fever, headache and cough. He thinks it is six weeks since the trouble commenced. 
He is healthy looking. Temperature is 96 to 99°F.; pulse 80 to 102. Sputum contains 
tubercle bacilli. The only physical signs are a few crepitations at the right apex. 

A roentgenogram showed scattered infiltrations in the right infraclavicular region and 
midzone. A right artificial pneumothorax was induced. A roentgenogram showed a 
fairly good pneumothorax with the upper lobe held to the apex by a long thick adhesion. 

Figure 12 is a bronchogram showing neither bronchiolar nor alveolar filling of the dis- 
eased lobe and normal filling of all sections of the lung in the lower lobe. 


Case 5: E. 277, European male, aged twenty-one years. He had nosymptoms. He was 
X-rayed as a routine before employment in a sugar mill and told he had tuberculosis. He 
is healthy looking. Temperature and pulse are normal. Sputum contains tubercle 
bacilli. Physical signs are dulness over the right side and a few crepitations at the apex 
behind. 

A roentgenogram (figure 13) shows extensive mottling in the apices, infraclavicular re- 
gions and midzones of both lungs. 

A consecutive bilateral artificial pneumothorax was induced and a roentgenogram 
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Fic. 11. Upper; Fic. 12. Lower 
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showed this bilateral pneumothorax after sections of adhesions on both sides. The left 
lung was fairly free, but the right lung still showed an adherent apex. 

Figures 14 and 15 are bronchograms showing the right and left side, respectively. 
There is well marked bronchiectasis of both upper lobes, a blocking of the bronchioles in 
the midzones with failure of alveolar filling and a normal alveolar filling of the lower lobes. 


The lesson to learn is that pneumothorax in this type of case is never per- 
manently successful. A pneumothorax is not good treatment for an ordinary 
bronchiectasis, nor is it successful in a tuberculous bronchiectasis of long standing. 

This case had a positive sputum after all the labor of prolonged pneumothorax 
and adhesion cutting and is responding to intrabronchial treatment with sul- 
phonamide suspension in lipiodol. 


Group 4. Black Lobes 


Case 6: C. 384, Indian male, aged nineteen years. He gave a history of “chest ache” and 
cough for six weeks. His brother died of pulmonary tuberculosis. He has no cough nor 
sputum. He is a thin, healthy looking Indian. Temperature and pulse are normal. 
Laryngeal mirror test shows tubercle bacilli. There are no physical signs indicative of 
pulmonary disease. 

An X-ray film showed mottling in the right apex and infraclavicular region. 

A bronchogram showed bronchiolar block in the region of the infiltration. The rest of 
the lung showed normal alveolar filling. 

The patient was put on strict bed-rest, but some weeks later signs of cavitation ap- 
peared in the right upper lobe and a right artificial pneumothorax was induced. 

Figures 16 and 17 are bronchograms of the right lung taken in inspiration and expira- 


tion. Note: 


(1) The black upper lobe with its cavity. 
(2) The normal filling of the base. 
(3) The marked movement of the internal structures on inspiration and expiration and 


the bronchial dilatation on inspiration. 
(4) The absence of any bronchial structure in the black lobe. 


This case is an example of atelectasis of a lobe as the result of the main bronchus feeding 
the upper lobe being blocked. 

There is a little residual lipiodol on top of the cavity from the first bronchogram taken 
before the artificial pneumothorax. We should also note the lack of movement of the 
black lobe as compared with that of the diseased area in the previous artificial pneumo- 


thorax cases. 
Figure 18 is a lateral bronchogram showing the opaque black lobe setting on top of the 


normal lower lobe. 


A black lobe means the block of a main bronchus, usually due to kinking, and 
such a lobe should be the signal for the immediate abandonment of the artificial 
pneumothorax, as failure to do this will eventually lead either to bronchiectasis 
or to rupture of the cavity. (Just as this paper was completed, this patient 
developed a spontaneous pneumothorax due to bursting of the cavity in his 
right upper lobe.) 


Fic. 16. Upper left; Fic. 17. Upper right; Fic. 18. Lower 
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Case 7: E. 124, European female, aged thirty-two years. Three months prior to admission 
she felt off color and went for a holiday. While away she had a pain in her left side and 
saw a doctor who examined her sputum and found tubercle bacilli. She is frail looking. 
Temperature and pulse are normal. Sputum contains tubercle bacilli. There are no 
physical signs of disease of the lungs. 

X-ray examination showed infiltration of the left midzone and lower lobe. An artificial 
pneumothorax was induced on this side. 

As soon as this was fully established it was noticed that the left lower lobe was a black 
lobe and the pneumothorax was abandoned. However, the resultant bronchiectasis was 
net obviated as shown by a bronchogram which revealed an extensive retrocardiac bron- 
chiectasis on the left. 


Case 8: E. 528, European female, aged nineteen years. For the last year she had been 
complaining of ccugh and sputum, loss of weight, loss of appetite and malaise, but was 
not very concerned about it. A month before admission she had a sudden severe pain in 
the left side of her chest and saw a doctor who diagnosed pulmonary tuberculosis. She is a 
thin, ill looking European girl. Temperature is 99 to 100.2°F.; pulse 86 to 120. Sputum 
contains tubercle bacilli. The physical signs are dulness over both upper lobes with 
numerous crepitations over this area. 

An X-ray film revealed extensive infiltration of the whole of the left lung with several 
cavities in the upper lobe. There was extensive scattered infiltration throughout the right 
lung. 

An artificial pneumothorax was commenced on the left. This resulted in an adherent 
apex and a black lobe (figure 19). The pneumothorax was abandoned but a bronchogram, 
after the lung had reéxpanded, showed excavation of the whole left lung, with the excep- 
tion of a small portion of the left lower lobe (figure 20). 


This type of case with old-standing cavitation and fibrosis never clears up on 
an artificial pneumothorax, even if a perfect technical result free from adhesions 
is obtained. It is better to leave it alone than to attempt officious pneumo- 
thorax therapy. 


Group 5. Cavities 


Case 9: E. 268, European female, aged twenty years. She had had a dry cough for several 
years. A month before admission she had a pain in the right side of her chest and diffi- 
culty in breathing. She is a healthy, rather “spiritual” type. Her temperature and pulse 
are normal. Sputum contains tubercle bacilli. The physical signs are crepitations over 
the right apex and dulness with crepitations over the right base. 

An X-ray film (figure 21) shows extensive disease throughout the right lung, mostly 
productive in character with cavities in the right infraclavicular region and the right mid- 
zone. The right costophrenic angle is obscured. There is some infiltration of the left 
infraclavicular region and midzone at the periphery. 

A bronchogram (figure 22) shows clearly that there is bronchiectasis of the right upper 
lobe in addition to the cavity and shows the size and drainage of the cavity in the midzone. 

An artificial pneumothorax was then commenced and, on a few separate occasions, ad- 
hesions were cut. Eventually a moderately successful pneumothorax was obtained but an 
obliterative pleuritis developed and the pleural space was lost. 

A bronchogram (figure 23), taken nearly a year after induction of pneumothorax, shows 


Fic. 19. Upper left; Fic. 20. Upper right; Fic. 21. Lower left; Fic. 22. Lower centre; 
Fig. 23. Lower right. 
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that the two large cavities have closed, but that a residual bronchiectasis remains at the 
apex and at the base near the mediastinum. 


This type of case will eventually result in closed cavities if a pneumothorax is 
effective and maintained over a long period, but the bronchiectatic areas very 
seldom, if ever, close permanently. It is interesting to note that this case sub- 
sequently had a thoracoplasty performed and that the sputum was still positive 
after the whole series of operations, spread over three years, and that the bron- 
chiectatic areas remained even after the major operations. 


Fia. 24. Left; Fie. 25. Right 


Case 10: O. P., Indian male, aged twenty-three years. He has been ill for six months with 
cough, sputum, loss of weight and appetite, and fever. He was admitted to the hospital on 
account of hemoptysis. He is a thin looking Indian. Temperature is 100 to 102°F.; 
pulse 100 to 120. Sputum contains tubercle bacilli. The physical signs are dulness and 
bronchial breathing over the right upper lobe and some crepitations over the left upper 
lobe. 

An X-ray film showed massive infiltration in the right upper lobe and a cavity in the 
right infraclavicular region, 2 x 2 inches. There was some infiltration in the left infra- 
clavicular region with a small cavity } x 4 inch in this area. 
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An artificial pneumothorax was induced on the right side and the X-ray film (figure 24) 
shows an artificial pneumothorax with a large cavity in the upper lobe adherent to the 
periphery. The lower lobe appears normal. 

A bronchogram (figure 25) shows that the main bronchus to the upper lobe is blocked. 
The rest of the bronchial tree shows normal alveolar filling. 

The blocked bronchus in this case is due to kinking, and such cases do not respond well 
unless adhesions are cut to allow the kink to straighten out. 


Group 6. Tension Pneumothorax 


Case 11: E. 110, European male, aged twenty-two years. He has had a cough for two and 
one-half years. Two years ago he was admitted to the hospital for pleurisy. He was sent 
to a general hospital for a period of four months on two occasions and then spent six 
months in a sanatorium where a bilateral artificial pneumothorax was performed. He isa 
thin, ill looking European male. Temperature is 98 to 100°F.; pulse 80 to 120. Sputum 
contains tubercle bacilli. The physical signs are those associated with bilateral pneumo- 
thorax. 

An X-ray film showed a bilateral pneumothorax. The left side was opaque and there 
was thickening of the left pleura. 

A bronchogram showed extensive cavitation of the left lung. 

A later X-ray film and bronchogram showed the results of tension artificial pneumotho- 
rax done in order to collapse the cavities. Pressures of plus 16 to plus 20 were registered. 

The patient suddenly developed a bronchopleural fistula and the bronchogram showed 
the opaque medium actually entering the fistula from the pleural cavity. 

Tension pneumothorax is not a wise method of treatment and this case illustrates its 
danger. 


We feel the foregoing cases illustrate graphically the statements made in the 
first part of this paper. 


SUMMARY 


1. A brief statement is made of the effect on the lungs of artificial pneumotho- 


rax. 
2. Eleven cases are described to illustrate the points mentioned. The de- 
scription is illustrated by bronchograms. 


SUMARIO 


1. Sumarizanse en este trabajo el efecto del neumotérax terapéutico sobre los 


pulmones. 
2. A fin de ilustrar los puntos mencionados, describense 11 casos con bronco- 


grafias que los aclaran. 
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ACID-FAST BACILLI IN NONTUBERCULOUS PULMONARY DISEASE! 
RICHARD A. 8. CORY 


Since the discovery of the tubercle bacillus by Koch (1) in 1882, it has been 
generally considered that the presence of acid-fast organisms in the sputum from 
a case of pulmonary disease indicates tuberculosis. 

One is warned, however, against regarding an isolated positive finding in an 
otherwise atypical clinical picture as fina] proof of the tuberculous origin of the 
disease. 

The average case presents relatively little difficulty, but once in a while the 
physician or surgeon may be confronted by a clinical condition where early 
accurate diagnosis is of paramount importance, but where the picture has been 
so obscured by the laboratory report as to render diagnosis virtually impossible 
before the lapse of considerable and often valuable time has taken place. The 
writer has been so forcibly struck by a case of this nature recently under his care, 
that he has decided to present the history of this case, and one other, together 
with the results of a brief survey of some of the standard texts on Bacteriology, 
Medicine and Surgery with regard to the presence of acid-fast bacilli other than 
tubercle bacilli in nontuberculous pulmonary lesions. 

In the case in question the diagnosis lay between acute pulmonary abscess 
and acute tuberculous consolidation of an upper lobe with commencing cavitation. 
The history and clinical picture pointed unreservedly to abscess, but the lab- 
oratory reported acid-fast organisms in the sputum, together with a positive re- 
sult for acid-fasts on culture of the sputum. 

When the patient came under the writer’s care at this stage he was so des- 
perately ill that it was obvious that surgical drainage of the abscess—if it was 
an abscess—should be undertaken without delay. 

But what if the case were really one of tuberculosis? Drainage of such a 
lesion would only court, even if it did not immediately precipiate, disaster. If 
however it should be an abscess and drainage were withheld, the patient would 
probably die within a few weeks. 

The situation in such a case is so grave that the writer ventures to offer his 
experiences in the hope of promoting further interest in a subject which, though 
admittedly rare, does not seem to have received in the literature all the attention 
it deserves. 

In the case reports brief notes on another similar case are also appended. 

Case 2 however ran an acute uncomplicated course which ended in complete 
resolution of the lesion in so short a time as to make a diagnosis of tubercle 
untenable, even though the laboratory had reported the isolation by culture of 
acid-fast organisms from the sputum. 

The discovery of the tubercle bacillus in 1882 led rapidly to the search for 
similar organisms and within a few years a number of them were described. 


1 From the King George V Jubilee Memorial Sanatorium, Liguanea, Jamaica, British 
West Indies. 
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Topley and Wilson (2), in what is probably the best summing up of the position 
with regard to the nontuberculosis acid-fast organisms, give extensive references, 
some of which are mentioned here. 

They point out that acid-fast saprophytes have been found in water, butter, 
dust, grass, smegma, feces and milk. They have been isolated from the animal 
body but do not appear to produce disease, or at least progressive disease. 

Between 1885 and 1906 a number of acid-fast organisms were isolated, and 
the work done showed that, though in occasional cases localized tubercle-like 
lesions were produced in inoculated animals, nevertheless progressive disease, 
such as occurs after inoculation with the tubercle bacillus, was not to be expected. 
The bacilli are essentially saprophytic with occasional localized toxic action. 

When injected intraperitoneally in large doses, particularly when mixed with 
a fat, like butter, they may give rise to lesions closely resembling tubercle. 
These lesions are considered by Topley and Wilson to be most probably due to 
lymphatic and leucocytic dissemination with resultant focal reactions. Nodule 
formation and even caseation have been seen to occur and acid-fast bacilli have 
been recovered from such lesions. 

After subcutaneous or intramuscular injection, however, the lesions are con- 
fined to the site of the injection and the regional lymph nodes, and further dis- 
semination is not observed. Cultures made from the recovered bacilli show a 
growth in a very few days, as against the longer period required by the tubercle 
bacillus, and further guinea pig inoculation with saline suspensions of these 
cultures is harmless. 

In a discussion of the pathology of the lesions produced by these organisms 
Topley and Wilson, quoting Rabinowitsch (1897)(2a), state that they are more 
exudative than proliferative, and that there is less tendency to caseate than is 
observed in tuberculous disease. Polymorphonuclear cells are more common 
than epithelioid cells and typical giant cells are rare. 

These authors also point out that intravenous inoculation of the bacilli, 
either living or dead, into laboratory animals causes severe illness and sometimes 
death. As the living bacilli do not appear to multiply in the tissues, the effects 
are presumably due to a toxemia from liberation of an endotoxin. 

Acid-fast saprophytes have been isolated from a number of human tissues and 
exudates and a consideration of lung lesions should bear this in mind. 

In 1900 Rabinowitsch (2b) isolated them from cultures of a gangrenous lung, 
while in the same year Marzowsky (2c) reported finding them in the tonsils. 
In the following year (1901) Mironescu (2d) found them in human feces and 
Karlinsky (2e) in nasal secretions. In 1931 Beavan and Bayne-Jones (2f) 
reported them in a specimen of pleural fluid, and Tiedemann (2g) in blood. They 
were found in pus in 1933 by Bruynoghe and Adant (2h) and the same year 
Cummins and Williams (2i) described their discovery of them in sputum. 

Some of these findings, such as those concerning the gangrenous lung, the 
pleural effusion and the sputum, are of considerable interest to the internist 
and chest surgeon. 

The fact emerges that acid-fast saprophytic organisms are extremely common 
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and wide-spread in nature and can appear in lesions in man, even though they 
have probably played no real part in the causation of such lesions. 

It should not be forgotten, however, that at least some of the reported dis- 
coveries may have had their origin in dust or tap-water contamination of the 
tissues or exudates studied. 

Ford (3), in his text-book, mentions the relative ease with which organisms of 
this group will grow on culture media, as well as the pathogenic action on intra- 
peritoneal inoculation into guinea pigs of the butter bacillus (Myco. butyricum, 
isolated by Rabinowitsch in 1897 from some butter in Germany). 

The timothy grass bacillus (Myco. phlei I) and the mist bacillus (Myco. 
stercoris) also appear to possess this pathogenic action for guinea pigs. 

Like Topley and Wilson, Ford describes the resultant lesions as very similar 
in some respects to those produced by the tubercle bacillus. 

Hewlett (4), in his Manual of Bacteriology, makes but scanty reference to 
the acid-fast saprophytes but generally confirms the findings already discussed. 

Baldwin, Petroff and Gardner (5) call attention to errors that may arise in 
laboratory diagnosis on account of the possible presence of acid-fast organisms 
in the tap water used in laboratories or even in distilled water that has been left 
exposed to the air. They suggest that such organisms are really grass bacilli 
derived from the dust of hay. 

Norris and Landis (6) in the discussion on pulmonary gangrene in their famous 
text-book on chest diseases point out that acid-fast organisms have been reported 
in the pus in several cases of pulmonary gangrene. The work which they quote, 
that of Ophuls published in 1902, is in line with that already mentioned as having 
been carried out by Rabinowitsch in 1900, and should be regarded as of some 
importance. 

Powell and Hartley (7) also quote Ophul’s work on Acid Proof Bacilli in Five 
Cases of Pulmonary Gangrene published in the Journal of Medical Research, 
and they suggest that in some cases these organisms may be responsible for at 
least a part of the pathological changes observed in such lesions in the lungs. 

They do not, however, lay much stress on the diagnostic difficulties that these 
findings may occasion. 

Graham, Singer and Ballon (8) make no mention of the possible presence of 
acid-fast bacilli in the sputum of either lung abscess or bronchiectasis, nor do 
such organisms appear to have been found in the cases occurring in their clinic 
and reviewed in the book, in spite of careful and very full bacteriological studies. 

Davidson (9) in a more recent work likewise makes no mention of the occur- 
rence of acid-fast organisms in nontuberculous pulmonary disease, nor does 
Sellors (10) mention them in his book on Surgery of the Thorax. 

Price (11) only makes casual reference to acid-fast organisms, which he classes 
as Streptothricae, in connection with lung gangrene. Their possible occurrence 
in abscess or bronchiectasis is not listed. 

Cecil’s Text Book of Medicine (12) touches on Ophul’s previously mentioned 
report in lung gangrene but lays nc emphasis upon it and does not refer to either 
abscess of the lung or bronchiectasis in this connection. 
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Poulton (13) has nothing to say upon the subject, nor has Beaumont (14) 
in a very recent book on general medicine. Of the texts on general surgery only 
Christopher (15) and Howard (16) have been consulted, and neither of them 
mentions the matter. 

From this survey of some of the standard works on general medicine and sur- 
gery it will be seen that the presence of nonpathogenic acid-fast organisms as a 
stumbling block in the diagnosis of chest lesions is not considered to be of much 
importance. 

Review of some of the more important books on pulmonary tuberculosis 
reveals a rather greater interest in the matter, but current texts still fail to lay 
much emphasis upon these organisms as the possible cause of serious mistakes. 

Burrell (17) makes no mention of them at all. The book, however, is only a 
short one and, as its name implies, is concerned largely with the advances in 
tuberculosis work up to 1931. 

Wingfield (18) mentions the fact that certain very rare pathogenic strepto- 
thricae have acid-fast properties, but suggests that for practical purposes these, 
as well as the better known acid-fast saprophytes, will not be likely to cause con- 
fusion in the examination of pathologic tissues or exudates. He also reminds us 
that some of the segments of certain varieties of actinomyces may exhibit acid- 
fast properties. 

In Goldberg’s Clinical Tuberculosis (19) Mellon says of the acid-fast sapro- 
phytes ‘‘. .. even when found inside (the animal body) their existence is a com- 
mensal one, never being known to have given rise to disease.”’ 

In the section on laboratory diagnosis in the same book, Koch and Mellon 
make no mention of the presence of acid-fast saprophytes in the sputum as a 
possible cause of diagnostic confusion. 

Kane, Pagel and O’Shaughnessy (20) go rather more thoroughly into the matter 
and call attention to a smooth growing saprophyte that may occur in the human 
body, while they also point out that acid-fast saprophytes may sometimes be 
found in the lymph nodes of normal guinea pigs, an obvious and quite possible 
source of error. 

Like some of the previously mentioned writers they warn that contamination 
of a microscopic preparation by these organisms is possible, particularly as they 
sometimes occur in tap water. 

Acid-fasts other than tubercle bacilli may be present in material, such as urine, 
sent for examination, but of the sputum they say “. . . it is generally recognised 
that an acid-fast bacillus in the sputum is tantamount to a tubercle bacillus.” 

Mention however is made of recently reported cases (Cummins and Williams, 
and Baldwin) where acid-fast bacilli, not tubercle bacilli, have been found in 
lung lesions which closely simulated phthisis. 

Perhaps the best note in regard to this subject is by Ustvedt (21) in his recent 
little book Pulmonary Tuberculosis. He stresses the importance of guinea pig 
inoculation as the final court of appeal in the diagnosis of pulmonary tuber- 
culosis, pointing out that saprophytic acid-fast bacilli not uncommonly occur 
in different parts of the body such as the oral cavity and tonsils, while in path- 
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ologic conditions of the lung, such as bronchiectasis and gangrene, they may be 
found in the purulent sputum. In addition to the above he remarks that by 
growing on the culture media used for tubercle bacilli these organisms may still 
further confuse the issue. 

In a recent article on dermoid cysts of the mediastinum, Rusby (22) gives an 
account of a case where such a cyst, obstructing a bronchus by pressure, had 
given rise to bronchiectasis in the distal segment of lung. The sputum from 
this area of infection was found to contain clumps of acid-fast organisms and was 
first reported as positive for tubercle bacilli. Further study, however, revealed 
that the organisms, though acid-fast, were not alcohol-fast. Rusby adds that 
he was unable to find in the literature any mention of a similar case where acid- 
fast but non-alcohol-fast organisms were found in the sputm. In the 2 cases 
reported here the acid-alcohol technique was used in the staining of the micro- 
scopic preparations. 

In these 2 cases which have come to the writer’s attention within the last year 
we have an excellent illustration of one of the occasional diagnostic pitfalls. It 
must be remembered, however, that they are relatively uncommon, and the 
thought that “everything that is acid-fast in a sputum is not necessarily a tubercle 
bacillus” should not be allowed to obtrude itself too markedly in clear-cut cases, 
but should be kept in mind when dealing with others where the diagnosis is not 
so certain. 


CASE REPORTS 


Case 1: The patient was a male, white, police officer, 29 years of age, who, until the illness 
here reported, had been in first-class physical condition, and an enthusiastic football 
player. 

On September 20, 1943 he had had a lower right molar tooth extracted. On September 
22 he noticed slight swelling of the side of the neck as well as a little difficulty in swallowing. 
By September 24 the swelling had enormously increased, and the temperature had risen 
to 103°F. On that date he was admitted to the Kingston Public General Hospital and a 
small incision was made into the floor of the mouth below the tongue. No free drainage 
was obtained and the next day (September 25) multiple incisions were made around the 
neck below the jaw. Large amounts of stinking pus freely mixed with gas escaped and 
by the next day (September 26) he felt much better. Bacteriological study of the pus was 
not undertaken, but intensive treatment with sulfonamides and antigasgangrene serum 
' was given. Temperature, however, remained elevated and respiratory distress set in and 
on September 29 a tracheotomy was done. This, together with oxygen, eased the acute 
condition, but within forty-eight hours an irritating nonproductive cough had started. 

A chest X-ray film on September 28 showed a generalized increase of lung markings with 
hazing in the left cardiophrenic angle. Cough continued and another film on October 12 
showed some hazing of the mesial portion of the right upper lobe with a general clearing 
of the previously increased markings. 

Sputum examinations by concentrations on October 13 and October 18 were negative 
for tubercle bacilli, but an examination on October 20 showed a few suspicious acid-fast 
rods and a culture for tubercle bacilli was then set up. 

On November 4, 1943 the patient was discharged at his own request, relatively afebrile, 
but still coughing and raising a certain amount of mucoid sputum. The gas infection had 
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been controlled and the wounds were healing. The tracheotomy tube had been removed 
and this wound was also healing well. He rested at home, and for a week in a nursing 
home, until November 29 when he had a severe bout of coughing which resulted in the 
sudden expectoration of about 5 or 6 ounces of stinking pus. When this occurred he had 
been febrile again for two or three days with temperature ranging from 100° to 102°F. 

Cough now became intense, and he was quite unable to obtain any rest except when 
sitting bolt upright in a chair. 

On December 3 the sputum culture which had been set up on October 20 for tubercle 
bacilli was reported as being positive, and the patient was referred to the Tuberculosis 
Clinic from which institution he was sent for admission to this hospital on December 5, 
1943. 

The writer’s first contact with the patient was on the day of his admission when the 
following note was made on his clinical records: “The history here is absolutely typical 
of lung abscess, but one is considerably shaken by a positive sputum culture. The two 
conditions may coexist, but I feel that the main pathology is septic infection of the lung 
and not tubercle.” 

Physical examination revealed a desperately ill man weighing 120 lbs. as against his 
normal of 165 lbs. He coughed incessantly and sat with his head downwards and his 
chin almost on his chest. He was highly febrile; the temperature was swinging 2 to 3 
degrees a day. There was pain and some tenderness over the upper lobe of the right 
lung, more particularly high in the right axilla. 

Examination of the lungs revealed signs of a dense lesion in the right upper one-third, 
though there were relatively few rales. There were no other abnormal signs in the chest. 

The heart and abdomen were essentially normal and, though he was extremely irritable 
and not very coéperative, there was no evidence of organic disease of the central nervous 
system. 

Blood studies revealed a high sedimentation rate—35 mm. by the Cutler method after 
one hour, together with only a slight increase of leucocytes (10,300) with 68 per cent poly- 
morphonuclear cells. Hemoglobin was 72 per cent. The Kahn test was negative and 
urinalysis revealed no abnormality. 

An X-ray film of his chest showed a dense consolidation in the upper lobe with irregular 
central excavations. The right lower half was relatively normal, as was also the left lung. 

Daily sputum examinations during the first week after admission, both by smear and © 
concentration, were all negative for tubercle bacilli. No spirochetes or fusiforms were 
found in the sputum, nor were amebic cysts present in it. 

The difficulty lay in knowing what to do next. 

If the condition was a lung abscess as indicated by the history and clinical condition, 
open drainage was an urgent necessity. If, on the other hand, it was tuberculosis, as 
indicated by the reported positive sputum culture, drainage would do more harm than 
good. The two conditions might even coexist. Bronchoscopy was decided against on 
account of the neck rigidity, as it would have required a general anesthetic, and in any 
case would probably only have confirmed the fact that pus was coming from the right 
upper lobe. 

It was finally decided to deal with the case by open operation as most of the clinical 
evidence was in favor of lung abscess, while the history was absolutely typical. 

Lateral X-ray views showed the cavity in the midaxillary area, probably in the posterior 
portion of the axillary segment of the upper lobe. A one-stage operation through the bed 
of the second rib was planned. The operation was done on December 13, 1943 (eight 
days after admission). 
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Anesthesia consisted of a small preliminary dose of 5 per cent pentothal intravenously, 
and was carried on by open ether after the introduction of an intratracheal catheter for 
suction. Three inches of the second rib in its central section were removed and the pleura 
was found satisfactorily adherent. Abscess cavity was located immediately below the 
exposed area with an exploring needle at a depth of about three-quarters of an inch, and 
was laid open and packed with acriflavine gauze. 

The abscess consisted of a biloculated cavity, as was suggested by the X-ray appear- 
ance, and was about as large as a golf ball. 

Large quantities of pus were aspirated through the tracheal catheter both during and 
immediately after the operation, and the patient left the theatre in good condition; 450 
cc. of blood plasma were given after his return to his room. 

The pack was removed two days later under pentothal anesthesia, and from this time 
until the final operation it was changed every second day under pentothal. 

Improvement was rapid and the cough quickly diminished, though he needed morphine 
and codein for several weeks in order to ensure rest, as he complained of a great deal of 
pain. 

The day of the operation some of the sputum was inoculated into a guinea pig and 
autopsy of the animal on January 26, 1944 showed no evidence of tuberculous lesions. 
Culture of the same specimen was returned negative on February 14, 1944. 

The patient’s condition continued to improve until January 11, 1944 when an acute 
inflammation of the right side of the neck developed. It had the appearance of an ery- 
sipelas and sulfathiazole was administered with improvement. 

A week later a small abscess appeared on the left side of the neck near one of the old 
scars and this was opened. By January 26, 1944 the right side of the neck was again 
acutely inflamed and fluctuating. By this time the opening into the pulmonary cavity 
had closed down so much as to make packing very difficult and it had to be enlarged. 
This was done, and a section of the third rib was removed at the same time. The neck 
was freely opened on both sides and some pus with caseous looking material was evacu- 
ated. This pus was cultured both for ordinary septic organisms, for which it was sterile, 
as well as for tubercle bacilli. Anaerobes were not sought for. The culture for tubercle 
bacilli gave a growth of acid-fast organisms on March 9, 1944, and these organisms were 
then inoculated into a guinea pig. The colonies of these bacilli were yellow to yellowish- 
brown. 

On April 14, 1944 tuberculin test on the pig was doubtful, and on April 24 it died and 
was autopsied. Sections of the liver, spleen, lungs, lymph nodes and tissues at the site 
of inoculation were examined microscopically. The pathologist’s report on the examina- 
tions was as follows: 

“In the tissue from the site of injection there is inflammatory reaction and tissue necro- 
sis, and acid-fast organisms (rods) are present. One of the glands shows central necrosis, 
but histologically none of the other tissues submitted show any infection suggestive of 
tuberculosis.” 

By the end of February, 1944, namely about four weeks after they were opened, the 
neck wounds were firmly healed, and all inflammatory reaction in this area had subsided. 
This is in very striking contrast to what one would expect with tuberculous disease. 

On March 3, 1944 the opening into the lung, which had again contracted, had to be 
reopened. During all this time, however, the patient had been steadily improving and 
he gained some 30 pounds in weight, was afebrile and had very little cough and a negligible 
amount of sputum. 

By April 14, 1944 the abscess cavity was clean enough for closure with a muscle graft. 
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On this date the final operation was done using a pedicle graft of pectoralis major to fill 
the deficiency in the lung. Healing took place by primary intention and the patient was 
discharged to hig home on April 22, 1944, that is, approximately four and one-half months 
after the initial operation. He returned to work in June, 1944 and has kept well since. 


Case 2: This case is reminiscent of case 1 except that here the disease resolved rapidly 
and completely on its own, and did not progress to cavitation needing surgical treatment. 

The patient, a colored female, 33 years of age, was admitted to the Kingston Public 
General Hospital on January 3, 1944 with an acute febrile illness with cough, and rdles 
in the right upper third. Chest X-ray film on January 5, 1944 showed a pneumonic 
type of lesion in the lower zone of the right upper lobe. The sputum was twice negative 
for tubercle bacilli on concentration, but culture set up at the same time for tubercle 
bacilli was returned positive on February 21, 1944. 

Before this, however, the fever had rapidly settled, and an X-ray film on January 18, 
1944, that is, thirteen days after the initial film, showed very marked clearing of the 
lesion. 

By February 25 clearing was complete and the patient has remained well and free from 
symptoms ever since. 

Follow-up X-ray examination in May, 1944 shows no trace of the original lesion. 

Guinea pig inoculation of the material in this case was never done. As the patient is 
now well, there seems no likelihood of another specimen being obtainable for further 
study. 


It is to be regretted that no attempt was made to carry out further studies with 
regard to morphological or cultural characteristics on the organisms isolated 
from these 2 cases. One is not, therefore, in a position to differentiate between 
avirulent tubercle bacilli and saprophytes. 

Microscopically there was nothing whatever to distinguish them from tubercle 
bacilli, and the times taken for growths to appear on the culture media rather 
suggested that they were different from the ordinary acid-fast saprophytes which 
normally grow easily and quickly, often being apparent in a few days. 

In case 1 the original culture of sputum showed a growth in the sixth week, 
while the culture of the pus obtained from the neck lesion showed a growth in 
the fifth week. In case 2 the sputum culture gave a growth in the fifth week. 

It is possibly of interest to record that all positive growths were obtained on 
Loewenstein-Jensen’s medium or on that of Petragnani, while no growth was 
obtained in either case using the same material on Petroff’s medium. 

This is in keeping with the findings of Koch and Mellon (19) for tubercle 
bacilli. 
SUMMARY AND CONCLUSIONS 

The occurrence in nature of saprophytic acid-fast organisms is discussed and, 
in this connection, a review of some of the standard texts on pulmonary disease 
is given. 

These organisms occurring in cases of nontuberculous lung disease may so 
confuse the issue as to make the diagnosis difficult until the necessary time has 
been taken to work out the pathogenicity for laboratory animals of the organisms 
found. 
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Such delay may occasion grave danger, and perhaps even disaster to a patient 
under consideration for treatment. At another time such a patient may be 
tagged with a diagnosis of tuberculosis, which may follow him for the rest of his 
life and may possibly lead to lengthy and costly treatment in a sanatorium or 
hospital. 

Two cases are reported where the sputum was returned positive on culture 
for tubercle bacilli, but where the clinical course of the conditions was of a 
nature to throw considerable doubt upon the laboratory findings. 

The first patient suffered from a fetid abscess of the lung, and the acid-fast 
organisms found in the tissues were proved by animal inoculation to be non- 
pathogenic. The second case, one of an atypical pneumonitis, resolved so 
rapidly and completely as to render the diagnosis of tuberculosis untenable, in 
spite of the report of a positive culture of the sputum. 

In conclusion the writer would urge a more critical attitude towards the 
results of positive cultures on otherwise atypical cases, unless these results are 
backed up by definitely positive findings as a result of animal inoculation. 


SUMARIO Y CONCLUSIONES 


Disctitese la existencia en la naturaleza de microbios Acidorresistentes sapr6- 
fitos y repdsase lo dicho sobre la materia en algunos de los tratados de neumo- 
patias mejor conocidos. 

En los casos de neumopatia no tuberculosa la presencia de estos microbios 
puede enredar el problema a tal punto que dificulte el diagndéstico hasta que se 
dedique el tiempo necesario a dilucidar la patogenicidad de los gérmenes pre- 
sentes para los animales de experimentacién. 

Esa tardanza puede suscitar un peligro grave y quizds hasta resultaria de- 
sastroso para un enfermo cuyo tratamiento esté en estudio. Otras veces uno 
de estos enfermos puede ser rotulado con un diagnéstico de tuberculosis que lo 
siga todo el resto de su vida y posiblemente motive un tratamiento prolongado y 
costoso en un sanatorio u hospital. 

Comunicanse dos casos en los que el esputo fué considerado positivo al hacer 
cultivos en busca de bacilos tuberculosos, pero en los que la evolucién clinica 
fué de tal naturaleza que puso.en tela de juicio los hallazgos del laboratorio. 

El primer enfermo padecia de absceso fétido del pulmén y los microbios Acidor- 
resistentes descubiertos en los tejidos resultaron anapatégenos al ser inoculados 
en animales. El otro caso, de neumonitis atipica, mostré una resolucién tan 
rapida y completa que desvirtué el diagndéstico de tuberculosis a pesar de ser 
positivo el informe del cultivo del esputo. 

Al terminar, el autor recomienda una actitud mas critica hacia !os informes de 
cultivos positivos en casos atipicos en otros sentidos, a menos que sean reforzados 
por hallazgos definitivamente positivos basados en la inoculacién en animales. 
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INCIDENCE OF TUBERCULOSIS IN JAPANESE-AMERICANS! 
A Study of a Homogeneous Racial Group 
H. E. BASS* anp G. D. CARLYLE THOMPSON? 


Among the various factors influencing the morbidity of tuberculosis, such as 
age, occupation, economic conditions, etc., is that of race. Statistical studies 
seem to indicate that the colored races generally show a tendency for increased 
tuberculosis morbidity rates, and these in turn are reflected by increased mor- 
tality rates. Thus, in this country, in 1932, the mortality from tuberculosis 
varied from 32 per 100,000 population to 155, in a survey of 46 cities. The fig- 
ures for the white population varied from 21 to 158, whereas the figures for the 
Negro population ranged from 49 to 797 (1). 

This higher figure for Negroes is not very far removed from those tabulated 
for the other colored races. Thus the following rates for pulmonary tubercu- 
losis are quoted in a report of the Health Organization of the League of Nations 
for 1933-1934: Bombay—140, Madras—146, Calcutta—217, Singapore—253, 
Manila—479 and Tokio—279 (1). 

Shortly after the attack by Japan upon Pearl Harbor, a mass evacuation of 
persons of Japanese ancestry occurred on the Pacific Coast, as ordered by the 
U.S. Army. These evacuees, numbering approximately 110,000 persons, were 
removed to various Relocation Centres situated for the most part in the Western 
States. Under the administration of the War Relocation Authority, a war 
agency, they were formed into colonies of from 5,000 to 15,000 population. An 
effort was made to keep families intact and in the various colonies this was car- 
ried out for the most part, so that families of 5 or less persons occupied living 
quarters in buildings of the barracks type. To each colony was attached a Base 
Hospital with clinic and Public Health facilities. 

This report covers a tuberculosis survey conducted among 2,771 employees, 
all of Japanese ancestry, and thus constituting a homogeneous racial group, at 
the Tule Lake Relocation Centre (now the Tule Lake Segregation Centre), 
Newell, California. The evacuees at this centre were principally from the States 
of California, Washington and Oregon and represented a cross-section of both an 
urban and agricultural population. At the time of this survey, they had been 
living in the centre from six to ten months. 

The group examined therefore was the equivalent of a random adult popula- 
tion sample from the aforementioned states and was unselected as to previous 
home environment, economic status, etcetera. 

A few words concerning the attitude of the Japanese people toward tuberculosis 
is appropriate at this point. 


1 Authorized for publication by Reports Division, War Relocation Authority, U. 8. 


Department of the Interior. 
2 Captain, Medical Corps, A.U.S. Bruns General Hospital, Santa Fe, New Mexico. 


Major, Medical Corps, A.U.S. 
46 


TUBERCULOSIS IN JAPANESE-AMERICANS 47 


This group, as is the case among Japanese people as a whole, accepted tubercu- 
lin testing with approval, regarding it in the same light as vaccination against 
smallpox or any other such prophylactic health measure. There was a certain 
amount of reluctance, however, to submit to fluoroscopy and an even greater 
reluctance to submit to X-ray examination, as these methods were more clearly 
identified as case-finding procedures. An extreme reluctance was encountered 
in the acceptance of the diagnosis of tuberculosis, even in the arrested cases, 
since the disease in any form is a social stigma which attaches itself to the family. 
The stigma is particularly unfortunate in the case of contemplated marriage, 
since the families concerned in many instances will make extensive inquiries 
reaching back several generations regarding each other. These inquiries take 
in the question of mental ailments and leprosy, as well as tuberculosis and it has 
not been unusual for Japanese in this country to write to Japan for information 
of this type. This social stigma of tuberculosis is based upon the false concep- 
tion that the disease is inherited, and this conception is more prevalent among 
the parents. The second generation Japanese is more apt, however, to have a 
correct knowledge of the pathogenesis of tuberculosis and in such instances may 
risk parental displeasure or even ostracism by marrying into a family in which 
there is a history of tuberculosis. 


METHOD OF SURVEY 


The survey was conducted among an unselected late adolescent and adult 
population group, consisting of food handlers, hospital employees, hog farm and 
farm lunch crew, members of the fire department, as well as a miscellaneous 
group of evacuees who voluntarily presented themselves for tuberculin testing. 

Old Tuberculin in dilution of 1:10,000 was given in the routine manner and 
readings made twenty-four and forty-eight hours after the injection. A positive 
reading at either time was considered as a positive test and all persons having 
such positive tests were fluoroscoped. 

Fluoroscopy instead of routine radiographic examination was done in these cases 
because of budgetary reasons. At the same time it was desired to correlate 
fluoroscopic and radiographic findings to determine the advisability of the use 
of fluoroscopy as a method of case-finding where routine radiographic examina- 
tion was not feasible. 

Fluoroscopy was done by one person with proper accommodation so as to 
eliminate the personal factor as far as possible. Any variation from the normal, 
including the presence of a healed primary complex, was followed by routine 
radiographic examination. Radiographic results were divided into the following 
categories: 


1. Cases not in need of further supervision 

a. Negative. 

b. Healed primary complex. 

c. Healed pleural effusion; no clinical history. 
2. Cases in need of further supervision 

a. Active cases. 


4 


H. E. BASS AND G. D. CARLYLE THOMPSON 


b. Apparently arrested cases, with or without previous clinical history, age below 
40 and quiescent cases. 
c. Apparently cured reinfection type, age over 40 and lesions of the minimal fibro- 


calcific type. 


RESULTS 


A total of 2,771 persons received tuberculin tests; 1,389 were males and 1,382 
were females, practically an equal distribution of the sexes. Of these, 1,233 
tests were positive, or about 45 per cent of the group. 

Almost all reactors were fluoroscoped (1,216); of these, it was necessary to 
take X-ray films of 84 persons. 

The radiographic results can be summarized as follows: 


1. Cases not in need of further supervision: 39 cases were of this type. One case of 
neurofibroma was found and was included in this group. 
2. Cases in need of further supervision: tuberculous cases; 45 (3.69 per cent) cases 
were found in this group which showed the following subdivisions: 
a. Active cases: 5 (.41 per cent) 
b. Arrested cases: 32 (2.62 per cent) 
c. Apparently cured: 8 (.66 per cent) 


Analysis of results: The problem of tuberculosis in the Oriental races, and 
particularly the Japanese, has been investigated by Dickey (2). This study 
was carried out in San Francisco, before the present war, and was conducted 
among a group of both Chinese and Japanese children of all ages, who were 


subjected to tuberculin testing and X-ray studies. Positive tuberculin tests 
were found in 35.3 per cent, the incidence for Japanese children being 38.5 per 
cent. In a later study (3) the same author found positive reactions in 60 per 
cent of the age group 12 to 14 in Japanese children, a higher figure than that for 
similar groups taken from the child population at large. 

Our results showed 1,233 positive tuberculin reactions, or 45 per cent, a figure 
which compares more closely with that of 46.6 per cent found in children 14 to 
15 years of age in the general population in San Francisco, in the years 1925 to 
1928 (4). Since our group was an adult one, the figure obtained (45 per cent) 
is actually smaller than would be expected from an older population. This 
discrepancy might be attributed to the presence of persons from rural communi- 
ties in the group of this investigation. However, it is to be remembered that 
these persons lived for a considerable period in somewhat crowded conditions 
in the centre. 

The incidence of tuberculosis in the present study was 3.69 per cent, a figure 
which was higher than that reported in 1931 for Japanese in San Francisco in a 
nine-month period (1.2 per cent). However, the incidence in our study was 
smaller than that reported by Swartout and Dierker (5) for native white Ameri- 
cans of Los Angeles County, California, who reported the results of a routine 
X-ray survey of 1,634 food handlers. They found 97 cases requiring super- 
vision (6 per cent as compared to our 3.69 per cent), of which 7 cases (0.43 per 
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cent) were active. This latter figure may be compared with the percentage of 
0.41 active cases found in this group. 

In summarizing, this study shows a percentage of positive tuberculin tests 
comparable to those of other population groups in this country. At the same 
time, the incidence of pulmonary tuberculosis on radiographic study was found 
to be no higher than has been reported for unselected persons of the white race 
in California, although it must be pointed out that a more wide-spread use of 
X-ray films instead of fluoroscopy would undoubtedly have revealed some addi- 
tional cases with minimal lesions. 

This incidence is not surprising in view of the decreasing death rate from 
tuberculosis in San Francisco among the Japanese for the past twenty years, 
from a high of 474 in 1919, to 42.73 for 1939 and 70.45 for 1940 (1). 

Coincidental with this must be borne in mind such factors as second genera- 
tion adaptation to American conditions and the educational campaign for better 
personal hygiene, better housing, etcetera. 

Of great importance has been the gradually increasing eradication of the 
conception of tuberculosis as a social stigma and its replacement by an under- 
standing of the pathogenesis of the disease and the value of early diagnosis and 
treatment. Yet, the question of social stigma probably remains the most serious 
and difficult problem in dealing adequately with the discovery, treatment, and 
the subsequent rehabilitation of persons of Japanese ancestry. 


CONCLUSIONS 


1. A study of the incidence of tuberculosis in a homogeneous racial group of 
Japanese-Americans is presented. 

2. Fluoroscopy has been demonstrated as a valuable adjunct in case-finding, 
when routine radiography is not feasible. 

3. The incidence of pulmonary tuberculosis in the group herein reported is no 
higher than that of similar groups of native Americans from the same 
geographical area. 


CONCLUSIONES 


1. Preséntase un estudio de la incidencia de la tuberculosis en un grupo étnico 
homogéneo de japoneses-americanos. 

2. Queda aqui demostrado que la roentgenoscopia constituye un valioso 
coadyuvante en el descubrimiento de los casos, cuando no puede emplearse la 
radiografia sistem4tica. 

3. En el grupo descubierto la incidencia de la tuberculosis pulmonar no fué 
mayor que en grupos semejantes de naturales de Estados Unidos procedentes de 
la misma zona geografica. 
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TUBERCULOSIS SURVEY OF FOOD HANDLERS ON THE 
ISLAND OF OAHU 


JOSEPH E. FERKANEY! anp RICHARD K. C. LEE? 


In the Territory of Hawaii, health department regulations had directed that 
every employer shall require of each of his employees, who in the course of his 
employment comes in contact with foodstuffs, a physical examination at least 
once each year. The employee was required to present to his employer annually 
a certificate from a licensed physician, on a form approved by the Board of Health, 
showing that the employee was free from all infectious or contagious diseases. 
The health department form contained a minimum of information, and labora- 
tory studies were to be carried out only upon the recommendation of the ex- 
amining physician. It was the consensus of most physicians and health workers 
that this examination did not protect the public health to the extent that the 
expenditure and time involved by this requirement warranted. Since 1936 and 
up to August, 1943, these requirements were followed. The public health value 
received did not justify the continuance of this examination; during the seven 
years in which 10,000 to 12,000 food handlers on Oahu were examined yearly, 
only 8 persons were rejected as having a communicable disease. 

Because of this, the old regulations pertaining to the examination of food 
handlers were amended and on August 21, 1943 a new regulation was passed per- 
mitting the Board of Health to require an X-ray of the chest of all food handlers. 
From time to time and as often as deemed advisable for the protection of the 
public health, any food handler or class of food handlers is to be examined by a 
physician designated by the Board for the purpose of determining the presence 
or absence of active tuberculosis. 

The new regulation was prepared because it was felt that the former regulation 
was not comprehensive enough to justify the expense and effort of the private 
physicians and the Board of Health. Also, many of the examinations previously 
carried out were not thorough enough to provide satisfactory protection of both 
the food handler and the public. The chief change effected by the new regula- 
tion is that the emphasis is now placed on the discovery of tuberculosis among 
food handlers. It also places greater emphasis on the individual responsibility 
of the employer and employee in preventing the transmission of any communi- 
cable disease. 

In addition to the above reasons, records available at the local tuberculosis 
sanatorium showed 15 per cent of the patients to be food handlers. Approxi- 
mately 17 per cent of the 1,700 cases of tuberculosis carried on the active register 
are or had been engaged in handling food. Records at the Honolulu Chest 
Clinic of the Bureau of Tuberculosis also showed the incidence of tuberculosis to 
be approximately fifteen times higher in this group than in other occupations. 


1 Captain, Medical Corps, U. 8. Army. 
2 Director of Public Health, Territory of Hawaii Board of Health, Honolulu. 
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The sudden increase in civilian and military personnel throughout the islands, 
with the accompanying housing shortage, crowded and inadequate living condi- 
tions, and the increased demand for services of the eating establishments, called 
for active measures in tuberculosis case-finding. 


METHOD OF SCHEDULING THE FOOD HANDLERS 


With the codperation of the Bureau of Sanitation, the sanitary inspectors 
carried out a uniform method of scheduling food handlers for visits to the mobile 
X-ray unit of the Board of Health. The city of Honolulu is divided into three 
sanitary districts for purposes of administration and supervision, and each of 
these districts has food inspectors to carry on all inspectional services related to 
food handling establishments. These inspectors have detailed knowledge of all 
the food handling establishments in their districts and the number of personnel 
in each establishment. All were directed to work out in detail with the employers 
a schedule for the food handlers to report for X-ray examination with a minimum 
of disruption of the services of their establishments. Not more than 200 to 250 
persons per day were scheduled and every effort was made to have the schedule 
followed as closely as possible. 

A blood test for syphilis was offered to each food handler X-rayed by the 
health department unit and about 90 per cent of the food handlers were accom- 
modated. Health education literature was given to each food handler. A 
leaflet Why X-ray was prepared and distributed by the Tuberculosis Association 
of Hawaii. The Venereal Disease Division of the Board of Health also dis- 
tributed leaflets on syphilis. 

The personnel conducting the survey consisted of one X-ray technician, two 
nurses, two clerks and one voluntary helper. Administrative direction was 
rendered when necessary by the health department and by the Tuberculosis 
Association staff. 


USE OF THE 4” x 5” FLUOROGRAM 


Facilities were provided by the Board of Health to enable each food handler to 
obtain an X-ray examination. Those who could go to their private physicians 
or private X-ray laboratories were urged to do so. Approximately 2,500 of the 
15,000 food handlers X-rayed in this survey on Oahu obtained this service pri- 
vately. However, all X-ray films were reviewed by the Bureau of Tuberculosis, 
Board of Health. A mobile unit which contained a 200 milliampere X-ray 
machine with a 4” x 5” photofluorographic attachment was used by the health 
department. Due to its mobility, it rendered services to the outlying districts 
without loss of time for the food handlers in the rural areas. The fluorograms 
were found to be very satisfactory and easily read. They also have an advantage 
in being easily handled and filed. 

The 4” x 5” fluorograms were read with the following terminology to facilitate 
unity in readings: (1) Doubtful; (2) Suspicious; (3) Characteristic; (4) Un- 
diagnostic; (5) Primary healed; and (6) Negative. 
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A 14” x 17” film was ordered for all doubtful, suspicious and characteristic 
4” x 5” films. If the term undiagnostic was used, a 4” x 5” film was repeated 
or a 14” x 17” film was ordered, depending on the discretion of the physician 
reading the first film. In most of the 4” x 5” fluorograms that were undiag- 
nostic, the reason was usually due to persons with thick walled chests or, in 
rural Oahu, was due to a drop in line voltage. 


PROCEDURE FOLLOWING READING OF 4” x 5” FLUOROGRAMS 


Persons having a negative reading received a certificate by mail, which has 
served as a permanent record. Instructions to the food handlers required that 
this record be carried and produced by the food handlers whenever requested to 
do so by an agent of the Board of Health. 

Persons requiring 14” x 17” X-ray films were notified to report for this ex- 
amination to their private physicians, private X-ray laboratories or at designated 
X-ray stations, which were reimbursed for the films taken. After the 14” x 17” 
films had been read and the doubtful cases ruled out, the other persons who had a 
questionable or suspicious film (14” x 17”) were required to report to the Honolulu 
Chest Clinic for the first follow-up by a staff physician. After the first visit and 
examination, food handlers who could go to their private physicians for treat- 
ment and follow-up were encouraged to do so. A statement was placed on the 
certificate indicating the time a food handler could work before being examined 
again. 

A guide was set up by the Chest Clinic to aid the staff physician or private 
physician in the follow-up of persons with characteristic or suspicious X-ray 
films. Patients found to have moderately advanced or far advanced lesions or 
cavitations were considered to have active infectious tuberculosis until proved 
otherwise. They were immediately excluded from food handling and hos- 
pitalized. 

Persons whose X-ray films showed lesions of minimal extent were studied 
carefully to determine whether the lesion was (1) active or potentially active, 
(2) inactive, or (3) of doubtful activity. A person with definitely active lesions 
or lesion was excluded from food handling and recommended for hospitalization. 
Those found to be inactive were allowed to continue to work but were advised 
to return for examination at intervals of three to twelve months, depending on 
individual circumstances. Persons who were considered probably inactive but 
were thought to need further study were allowed to continue work during a period 
of observation, during which serial X-ray films, sputum or gastric studies and 
clinical examinations were required at monthly intervals until the status of the 
lesion was determined. 

Follow-up of those persons who were permitted to continue their occupation 
as food handlers has been closely carried out by the Bureau of Tuberculosis, with 
the codperation of the sanitary inspectors. The Bureau of Sanitation receives 
notices from the Tuberculosis Bureau to make the follow-up effective. 

In table 1 over 314 persons, or 3.14 per cent of the food handlers, had char- 
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TABLE 1 
Analysis of 4” x 6” X-ray diagnosis of 10,000 food handlers* 


DIAGNOSIS 


NUMBER 


PERCENTAGE 


Minimal 

Moderately advanced 
Advanced 

Healed and partially healed 
Suspicious 

Doubtful 


Undiagnostic 


Cervical rib and other rib condition 


42 
8 ,920 
116 


26 


359° 


10 ,000 


100.00 


* Only the first 10,000 of the approximate 15,000 food handlers in the City and County 


of Honolulu were studied in this survey. 


TABLE 2 
Analysis of 4” z &” X-ray films by race and diagnosis of 10,000 food handlers 


MOD. 


RACE ADV. 


Hawaiian 
Part-Hawaiian.... 


ooonN OO 


om 


for) 


Comparison of 4” z 5” fluorograms with 14” x 17” films in $81 persons with doubtful, suspicious, 
characteristic and undiagnostic findings 


TABLE 3 


14” x 17” 


Negative 


Positive 


Doubtful (42) 
Suspicious (223) 
*Characteristic (314) 
Undiagnostic (359) 


9 
51 


29 
176 
90 
16 


70 


311 


* Includes minimal, moderately advanced, advanced, healed and probably healed cases. 
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TABLE 4 
Anaiysis by occupation and by race 


PUERTO | HAWAI-| CAUCA- 
RICAN IAN SIAN 


79 
11 
8 


Poi maker, cook 
Dishwasher 


Saas 


Salesgirl, kitchen helper..... 
Manager, inspector, owner, 
supervisor 


= 


= 


ad 


TABLE 5 
Analysis by occupation and by diagnosis 


HEALED, 
PARTLY 
OCCUPATION ’ . .| HEALED, . |HEART | UNDIAG. 
CALCIF. 
PRIMARY 


Poi maker, cook 27 
Dishwasher 
Cashier and book- 


3 
8 
10 
0 
6 
5 


Manager, inspector, 
owner, supervisor. . 


on 


w 


8 
8 
3 


55 
13 1,170 
0 340 
Cashier and bookkeeper.....| 1 126 
2 ,367 
6 
y 3 
1 
Janitor and ice maker....... 9 
CERV. 
TOTAL 
OTHERS 
28 4 {1,025} 18 57 0 1,170 
14 0 283; 6 20 2 340 
re eee 6 4 0 110} 1 5 0 126 
13] 40 35 7 12,187) 10 64 7 | 2,367 
Salesgirl, kitchen ‘ 
81 73} 13 |3,356} 35] 121 14 | 3,705 
Fisherman............| 0 
<4 
Janitor and ice maker.| 1 
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acteristic lesions of tuberculosis in the various stages. Eighty persons, or 0.8 
per cent of them, had active tuberculosis and the great majority of these casee 
were discovered in the minimal or moderately advanced stages. This fact alons 
demonstrates the value of the mass economical X-ray examination as a means of 
discovering tuberculosis that is not far advanced. In all, 537 persons, or 5.79 
per cent, had suspicious or characteristic lesions of tuberculosis necessitating 
further follow-up by X-ray studies and other epidemiological procedures. 

In table 3 a comparison of the readings of 381 4” x 5” fluorograms against the 
same number of 14” x 17” films is made. 

Table 4 describes the types of food handlers examined and the number in the 
various racial groups represented in the City and County of Honolulu. 

Table 6 shows more cases of tuberculosis occurred among the male than female 
food handlers, the most significant numbers being in the group with active tuber- 
culosis. This may be due to the fact that the males are required to seek work 
for the home. 


TABLE 6 
Analysis by sex and by diagnosis 

"PARTLY 
MIN. MOD. ADV. HEALED, SUSP. | DOUBT. NEG. HEART | UNDIAG. 4 TOTAL 

PRIMARY OTHERS 
SRS 30 | 28; 4 117 146 | 28 | 4,326) 78 | 195 13 | 4,965 
Female....... 13 5 | 0 117 77 14 | 4,594; 38 | 164 13 | 5,035 
NE. v0.00: 43 | 33 | 4 234 223 | 42 | 8,920) 116 | 359 26 (10,000 


SUMMARY AND CONCLUSIONS 


The use of the 4” x 5” fluorogram has proved to be of considerable value in 
mass tuberculosis survey work. The films are inexpensive, accurate, easy to 
read and require a small amount of space for filing. In the survey in the City 
and County of Honolulu little or no complaint was made by the food handlers 
because of this requirement foremployment. The majority of them appreciated 
this service, and they were interested in learning the condition of their chests. 
The survey helped make the food handlers and the community tuberculosis and 
X-ray conscious. Making an X-ray of the chest compulsory by regulation for 
such a group as large as the food handlers is one of the effective means of getting a 
uniform survey completed. 

The number of minimal and early cases discovered in the survey demonstrates 
the value of this method of finding tuberculosis. 


SUMARIO Y CONCLUSIONES 


El empleo del roentgenograma de 10 x 12.5 cm ha resultado ser de considerable 
valor en las encuestas de la tuberculosis. Las peliculas son poco costosas, exac- 
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tas, faciles de leer, y no ocupa mucho espacio al archivarlas. En una encuesta 
en la ciudad y condado de Honoluli, los manipuladores de alimentos protestaron 
muy poco o nada al imponerse este requisito para empleo. La mayoria aprecié 
el servicio y mostré interés en conocer el estado tordcico. El censo ayudé a 
hacer comprender a los manipuladores de alimentos y a la colectividad en general 
la importancia de la tuberculosis y de los rayos X. Un reglamento que haga 
obligatoria la radiografia tordcica para un grupo tan numeroso como son los 
manipuladores de alimentos, representa uno de los métodos eficaces de obtener 
una encuesta uniforme. 

El ntimero de casos minimos e incipientes descubiertos en la encuesta, demues- 
tra el valor de este método para descubrir la tuberculosis. 


> 
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ENZYMES AS FACTORS IN RESISTANCE TO TUBERCULOSIS! 
V. Catheptic Enzymes 


BRUNO GERSTL,? ROBERT TENNANT anp OSCAR PELZMAN 


The relation of proteolytic enzymes to the pathology of tuberculosis has been 
studied by several authors (1). Weiss, in a recent publication (2), called atten- 
tion to possible effects of tuberculous infection on the activity of intracellular 
proteolytic enzymes. Cathepsins* obtained from parenchymatous organs of 
rabbits with caseating tuberculous lesions showed reduced activity, while 
similar enzyme preparations from animals inoculated with a nonvirulent strain 
showed no such difference in their activity. Weiss (3) also showed that benzoyl- 
l-arginineamide as substrate for testing catheptic activity changed the results. 

Another aspect of these enzymologic investigations includes the possible effect 
of intracellular enzymes upon components of the tubercle bacillus itself. This 
is suggested in one study (4), while others (5, 6, 7) report that tuberculoprotein 
could not be recovered from the urine after intravenous injection into tuberculous 
rabbits and guinea pigs as is possible with normal animals. 

Studies carried out in this laboratory indicated that the resistance of various 
animal species to tuberculosis finds its corollary in the ability of their tissue 
enzymes to split tubercle phosphatide in vitro (8) and that immunization increases 
enzymatic activity (9). It was considered desirable, therefore, to study the 
effect of purified liver cathepsin on tuberculoprotein in vitro. 


METHODS 


Enzyme preparation: Extracts were prepared from liver by a procedure that followed 
that of Maver (10). The animal was exsanguinated, the liver removed, weighed and 
ground immediately in an ice-cooled Waring blendor. The organs of at least 4 to 6 ani- 
mals were pooled (9). The resulting mash was mixed with ten times its amount of 1.2 M 
solution of potassium chloride and stirred for an hour at 4°C. After adjustment to pH 7, 
the suspension was filtered through gauze and centrifuged. Then ammonium sulfate was 
added to 40 per cent saturation while stirring. The pH was adjusted to 5.9 with glacial 
acetic acid and the resulting precipitate separated and washed three times with half 
saturated ammonium sulfate. The residue was dialyzed against running tap water, 
washed with acidulated water and transferred into an 0.1 M citrate buffer, pH 5. One 
hundred mg. cystein hydrochloride were added for every 100 cc. of suspension and the 
mixture was incubated at 37°C. for seven to eight hours. The residue recovered by 
filtration on a Buchner funnel was dialyzed against distilled water at a temperature of 4°C. 


1 From the Laboratories of the Department of Pathology, Yale University School of 
Medicine. These studies have been aided by funds provided by the Research Committee 
of the National Tuberculosis Association, and are a part of a plan of codperative research 
sponsored by the Research Committee. 

? Present address: State Tuberculosis Commission, Laboratory of Pathology and Re- 
search, Hartford, Connecticut. 

3 Cathepsin, according to Anson (J. Gen. Physiol., 1940, 23, 695), is an endocellular 
proteolytic enzyme presumably concerned in the processes of cellular growth, repair and 
inflammation. 
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Finally the residue was frozen and dried by lyophilization (11). The resulting powder 
formed a fine and stable suspension in water or in 0.1 M citrate buffer. The protein- 
nitrogen content of the powder, determined by the usual micro-Kjeldahl method, was 
corrected for the nonprotein nitrogen present. 

Enzyme preparations were made from livers of normal, bovine infected and immunized 
rabbits, and from livers of normal guinea pigs and mice. Rabbits designated as “‘bovine 
infected” had been inoculated intravenously with 0.01 mg. tubercle bacilli strain 4717 
(A.T.C.C.) per kg. and were sacrificed six weeks later. By that time the lungs were 
studded with caseating lesions but the livers were intact even on microscopic examination. 

Immunization of rabbits as carried out in these experiments has been described else- 
where (9). Their organs were free of lesions save for a few microscopic tubercles in the 
spleen. 

Substrates: A 2.5 per cent hemoglobin solution freshly prepared according to Anson 
(12) from homologous animal blood was used to test cathepsin activity. 

The tuberculoprotein used as substrate was obtained through the courtesy of Doctor 
Lurie. It was prepared as follows: bovine, Ravenel, tubercle bacilli were grown on 
glycerine broth for about six weeks. The culture was filtered through Chinese silk. 
Enough 5 per cent carbolic acid was added to make an 0.5 per cent solution. This was 
filtered through a Seitz filter. Then it was ultra-filtered through an alundum cup covered 
with a 14 per cent nitrocellulose membrane until free of chlorides. The material retained 
by the cup was dried in vacuo over calcium chloride and gave a positive tuberculin reaction 
in tuberculous guinea pigs in quantities as low as 0.001 mg. 

Reaction mixtures for testing cathepsin activity: Enzyme reaction mixtures were set up 
as follows: the enzyme powder was suspended in 10 ml. water. Then 9.6 ml. of the 
hemoglobin solution, 2.4 ml. acetate mixture (12) and 12 ml. M/10 citrate buffer, pH 4.3 
were added and finally freshly prepared cystein hydrochloride solution in the desired 
concentration. The volume was then made up to 36 ml. with water. 

Duplicate aliquots of 3 ml. and each containing an amount of cathepsin equivalent to 
0.138 mg. protein nitrogen were taken at suitable intervals. They were precipitated with 
5 ml. of 0.33 N-trichloracetic acid. Enzyme activity was estimated with an Evelyn 
photoelectric colorimeter (13) by determining the amount of tyrosin present in the 
aliquots. 

Control reaction mixtures incubated without substrate did not contain any split- 
products that reacted with the Folin-Ciocaltreau reagent, nor did this extract exhibit 
any butyrase activity. Monophosphoesterase activity, however, could be demonstrated. 

Reaction mixtures for testing the effect of liver cathepsins on tubercle protein: The com- 
ponents of the reaction mixtures were in the same proportions as in those described before, 
except that tubercle protein was added as substrate instead of hemoglobin. Its final 
concentration was 10 mg. per ml. reaction mixture. Cleavage of tubercle protein was 
estimated by determining the total nonprotein nitrogen in the aliquots. By employing 
the method of Rappaport (14), 20 to 100 gamma of nitrogen could be estimated with an 
accuracy of +4 percent. The amino acid concentration was also estimated on duplicate 
aliquots (15). 


RESULTS 


A. Cathepsin activity: The cathepsin activities of normal mouse, rabbit and 
guinea pig are reported in tables 1,2 and 3. The addition of 1-cystein effected 
a marked activation with a maximum obtained by a molar concentration of 
1/2500 in the case of the rabbit and guinea pig liver. With the mouse liver, 
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however, the three different concentrations of cystein accomplished identical 
activation. 


TABLE 1 
Catheptic activity of mouse liver 


TIME OF INCUBATION 
ACTIVATOR 


| 30 min. 45 min. 


Amount of splitting in mg. of tyrosin 
12/17/43 .0247 .0448 
12/24/43 ‘ .0263 


1/28/44 : .0231 
1/28/44 | 1-cystein, 1/1000M d .0980 


12/17/43 | 1-cystein, 1/2500M 
1/28/44 


12/17/43 | 1-cystein, 1/10,000M -0089 
1/28/44 -0518 


TABLE 2 
Catheptic activity of normal rabbit liver 


TIME OF INCUBATION 
ACTIVATOR 


| 30 min. 45 min. 


Amount of splitting in mg. tyrosin 


5/17/43 
5/18/43 -0550 


11/11/43 .0344 
11/15/43 


1/20/44 .0427 .0523 
1/20/44 1-cystein 1/1000M .0265 .0470 


11/15/43 | 1-cystein 1/2500M .0419 .0677 Of . 1283 
1/20/44 l-cystein 1/2500M .0217 .0344 .0663 


11/15/43 | 1-cystein 1/10,000M -0560 ‘ .0981 
1/20/44 | 1-cystein 1/10,000M .0198 .0234 


Considerable variation in activity was found with different enzyme prepara- 
tions. If averages are taken (table 4), the activity of the fully activated guinea 
pig liver was slightly higher than that of mouse or rabbit under comparable 
conditions. 

A second group of experiments concerned the cathepsin activity of liver 
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from immunized and bovine infected rabbits (chart 1). Extracts from im- 
munized animals showed two or more times as much activity as the normal ones. 
Those from rabbits inoculated with bovine tubercle bacilli had the same activity 
as the normal ones with the exception that cystein had no activating effect. 


TABLE 3 
Catheptic activity of guinea pig liver 


TIME OF INCUBATION 


DATE OF 
EXPERIMENT ATOR | 


15 min. 


30 min. 45 min. 


Amount of splitting in mg. tryosin 
4/20/44 .0250 .0565 .0836 
4/25/44 .0276 .0512 .0631 


4/20/44 | 1-cystein 1/1000 .0102 ‘ 0982 
4/25/44 | 1-cystein 1/1000 .0250 . 1060 


4/20/44 1-cystein 1/2500 .0325 .1213 
4/25/44 1-cystein 1/2500 .0406 i .0904 


4/20/44 | 1-cystein 1/10000 .0286 


4/25/44 | 1-cystein 1/10000 0335 ‘ .0826 


TABLE 4 
Activity of liver cathepsins (average values) 


TIME OF INCUBATION 
ACTIVATOR 


| 30 min. | 45 min. 


Amount of splitting in mg. tyrosin 


.0247 0423 
.0502 .0654 
Guinea pig .0263 0539 .0733 
Mouse l-cystein 1/2500 .0250 .0843 .1034 


Rabbit 1/2500 .0318 .0510 .0728 


Guinea pig 1/2500 .0365 .0724 .1058 


Weiss (8b) also reported that tuberculoprotein inhibits proteinases. This was 
tested by employing gelatine as substrate with tuberculin added as possible 
inhibitor. Cleavage was determined by estimating the increase of nonprotein 
nitrogen in the reaction mixtures. There was no difference between the reaction 
mixtures containing tuberculin and those without. 

B. Effect of liver cathepsins on tuberculoprotein: Liver cathepsin preparations 
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obtained from normal as well as from immunized rabbits were incubated with 
tuberculoprotein under addition of 1/10M citrate buffer, pH 4.0. A second 
group of reaction mixtures contained cystein hydrochloride in 1/2500M concen- 
tration as activator. At 0, three- and six-hour intervals, aliquots were taken 
and precipitated with trichloracetic acid. 

There was no indication of cleavage of tuberculoprotein by either method. 

The possibility that some factor contained in less well purified preparations 
might. bring about the cleavage of tuberculoprotein was considered. Mashed 
rabbit liver was extracted with chilled acetone and ether, and the resulting pow- 
der employed as source of enzymes. But no splitting of tuberculoprotein was 
observed. 


NORMAL RABBIT LIVER Pi5-B IMMUNIZED RABBIT LIVER | BOVINE INFECTED RASBIT LIVER 
CATHEPTIC ACTIVITY CATHEPTIC ACTIVITY CATHEPTIC ACTIVITY 


No Activator |CysteinM/Zso0] No Activator |CysteinM/4s00] No Activator | Cystein MZ, 
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COMMENT 


The studies of Weiss (I.c.) as well as the investigations reported here indicate 
that the endocellular cathepsins of the liver undergo marked alteration when an 
animal is inoculated with tubercle bacilli. Weiss observed that the concentration 
of cathepsins was reduced when rabbits were reinfected with virulent bovine 
tubercle bacilli, while reinfection with nonvirulent cultures failed to produce 
changes. In subsequent experiments Weiss (3) found that cathepsins obtained 
from rabbits inoculated with a nonvirulent culture also showed reduced activity. 
He sought to explain this phenomenon by assuming that tubercle phosphatide 
liberated from disintegrated tubercle bacilli inhibited cathepsin activity. In 
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these experiments, there was no reduction of cathepsin activity with extracts 
from livers of tuberculous rabbits. 

The inhibitory effect of tubercle phosphatide upon another enzyme system 
had been observed earlier in this laboratory. This may have been due to factors 
other than true inhibition like the adsorbing effect of colloidal suspensions such 
as that of tubercle phosphatide, since lecithin and cephalin suspensions are known 
to inhibit dipeptidase (16). Later, it was shown (17) that fatty acids similar 
to those of the tubercle bacillus are the inhibiting agents. In the case of liver 
enzymes, however, and particularly those of the rabbit, it is doubtful that these 
factors come into play because the anatomical findings do not indicate the 
presence of large numbers of bacilli in the liver. 

The catheptic activity in immunized rabbits, on the other hand, is extra- 
ordinarily high and significantly greater than individual variation of the different 
lots. This raises the question whether the increase of enzymatic activity due 
to sensitization with avirulent bacilli is part of the humoral mechanism of im- 
munization. It is the opinion of many authors that necrosis takes place when 
great concentrations of antigen meet antibodies in the tissues. This is followed 
quickly by an acute inflammatory reaction (Forbus (18)). The increase of 
cathepsins would provide faster removal of the necrotic tissue. 

The results of the second group of experiments indicate that tubercle protein 
is not attacked by tissue cathepsins, whether they are derived from normal or 
immunized rabbits. This would explain the appearance of a protein-like, 
immunologically active substance in the urine after injection of tubercle protein 
(l. c.). The observation that this substance does not occur in the urine when 
tuberculous guinea pigs are used is probably due to retention of tubercle protein 
in the tissue and not to its cleavage. 


SUMMARY 


1. Cathepsin preparations of livers of 3 species (mouse, rabbit and guinea pig) 
when fully activated showed little difference in activity. 

2. The catheptic activity of enzyme preparations obtained from livers of 
immunized rabbits was twice or more of that of normal rabbits; that of livers 
from rabbits inoculated with virulent bovine tubercle bacilli was of the same 
magnitude as that of extracts from normal rabbits. 

3. Tuberculoprotein did not inhibit catheptic activity under the conditions 
of these experiments. 

4. Liver cathepsin preparations obtained from normal as well as immunized 
rabbits did not effect any cleavage of tuberculoprotein. 


SUMARIO 


1. Las preparaciones de catepsina hepatica de tres especies animales (ratén, 
conejo y cobayo) revelaron poca diferencia en su actividad al ser plenamente 
activadas. 

2. La actividad catéptica de las preparaciones enziméticas obtenidas de los 
higados de los conejos inmunizados, fué el doble o m&s que la de los conejos 


64 GERSTL, TENNANT AND PELZMAN 


normales; y la de los higados de los conejos inoculados con bacilos tuberculosos 
bovinos virulentos, revelé la misma magnitud que la de los extractos de los 
conejos normales. 

3. La tuberculoproteina no inbibié la actividad catéptica en las condiciones 
de estos experimentos. 

4. Las preparaciones de catepsina hepatica obtenidas de conejos normales asi 
como inmunizados no produjeron disociacién alguna de la tuberculoproteina. 
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THE SPECIFIC CYTOTOXIC ACTION OF TUBERCULIN 
The Reaction of Tissues from Animals Sensitized with Heat-Killed Tubercle Bacilli 


DOROTHY H. HEILMAN,! WILLIAM H. FELDMAN? anp FRANK C. MANN? 


Since Rich and Lewis (1) demonstrated the specific cytotoxic action of tuber- 
culin in tissue cultures, other workers also have noted that cultures of certain 
tissues of tuberculous animals are quite regularly damaged by concentrations of 
tuberculin that do not affect the growth of tissue obtained from normal animals 
(2 to 5). We also have reported similar studies (6) and have noted a significant 
specific cytotoxic response in almost all of the tuberculous animals that we have 
studied. In order to avoid the use of infectious material in certain phases of our 
work, it seemed desirable to investigate the relative cytotoxic response to tuber- 
culin of tissues from rabbits made hypersensitive to tuberculin by the injection of 
heat-killed tubercle bacilli suspended in petrolatum. It was also of some theo- 
retical interest to know whether or not a cellular sensitivity to tuberculin also 
would develop in animals rendered skin-sensitive to tuberculin by heat-killed. 
tubercle bacilli. 

In 1909 Rémer (7) reported that the injection of heat-killed tubercle bacilli 
could establish hypersensitiveness to tuberculin in a certain number of animals. 
This was confirmed by Baldwin (8), Bessau (9) and other investigators. The 
work of Zinsser and Petroff (10) and Petroff and Stewart (11) indicated that all 
of the allergic phenomena found in tuberculous animals were manifest in animals 
sensitized with heat-killed organisms. Freund and Opie (12) studied the effects 
of various methods of injecting rabbits with heat-killed tubercle bacilli. They 
found that there was no relation between the degree of sensitization produced, 
the amount of antibody and the amount of resistance to infection with Myco- 
bacterium tuberculosis. Many reports have appeared on the use of heat-killed 
tubercle bacilli for developing hypersensitivity and immunity; nevertheless, 
results with this method of producing hypersensitivity without infection were 
not always satisfactory. 

Vallée (13) in 1924 stated that cattle inoculated with dead tubercle bacilli 
suspended in paraffin oil retained the vaccine at the site of injection for at least 
two years, Coulaud (14) developed hypersensitivity in rabbits by the injection 
of melted paraffin and killed tubercle bacilli. Saenz (15) reported the develop- 
ment of profound and lasting skin sensitivity to tuberculin in guinea pigs inocu- 
lated with heat-killed tubercle bacilli suspended in paraffin oil. Saenz (16) 
observed that the skin reaction to tuberculin in guinea pigs sensitized in this 
manner was characterized by the presence of edema and the occurrence of a 
large hemorrhagic region which later became necrotic. The hemorrhagic reac- 
tion occurred more often in guinea pigs which were inoculated in the testes or 
lungs than in those inoculated subcutaneously. Freund, Casals and Hosmer 
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(17) reported that paraffin oil augmented sensitization by dead tubercle bacilli 
and the formation of complement fixing antibodies in both guinea pigs and 
rabbits. Casals and Freund (18) were able to develop complement fixing anti- 
bodies and skin sensitivity to tuberculin in monkeys by inoculating them with 
dead tubercle bacilli in paraffin oil. Freund and Gottschall (19) found it satis- 
factory to use guinea pigs sensitized by killed tubercle bacilli in liquid petrolatum 
for the standardization of tuberculin. 


METHODS 


Animals: Adult male rabbits were used exclusively. Two strains of Myco- 
bacterium tuberculosis of the human type were used to induce sensitivity, strain 
H439 (Feldman), which has been described previously, grown on egg-yolk- 
glycerin-agar culture medium for six weeks, and a two weeks’ old culture of 
Mycobacterium tuberculosis H37RV grown on Proskauer-Beck synthetic liquid 
medium. Ineach instance the bacillary growth was removed and placed in a tube 
in a small amount of sterile physiological salt solution and heated in a water bath 
at 80°C. for one hour. A portion of each suspension of heat-killed organisms 
‘was injected subcutaneously into 2 guinea pigs to determine sterility. No 
evidence of tuberculosis was found in the inoculated guinea pigs when they were 
killed and examined sixty days after inoculation. 

The heat-killed tubercle bacilli were removed from suspension, partially dried, 
weighed and ground in a mortar under sterile conditions. A small amount of 
paraffin oil was added to petrolatum jelly to bring the melting point to 50°C. 
This mixture was sterilized and mixed with the dead tubercle bacilli so that each 
cubic centimeter of petrolatum contained 5 mg. of bacilli. Rabbits were 
etherized, and 1 cc. of the mixture of killed tubercle bacilli in petrolatum was 
injected into each testis. Intracutaneous tuberculin tests were performed at 
various times after two and a half weeks from the time of inoculation. Tissue 
culture studies were made after the development of skin sensitivity and within 
two weeks of the demonstration of a positive reaction (that is, an area of indura- 
tion and erythema 0.5 cm. or more in diameter forty-eight hours after the intra- 
cutaneous injection of l1mg.OT). The period of sensitization was between eight 
and thirty-three weeks. Data relating to the animals used in this series of ex- 
periments are presented in table 1. 

In addition, 2 rabbits were given an injection of 1 cc. of petrolatum alone 
into each testis. Explants of spleen from one of these animals were tested in 
tissue culture for sensitivity to tuberculin. Two rabbits were given an injec- 
tion, into each testis, of 1 cc. of petrolatum containing 2 mg. of Old Tuberculin 
and 2 rabbits were inoculated in the same way with petrolatum containing 0.01 
mg. per cc. of PPD manufactured for intracutaneous testing. 

Precipitin tests: Blood was drawn from the rabbits at various times during the 
period of sensitization for determining the presence of precipitins for Old Tuber- 
culin. The ring precipitation test was used. Approximately 0.2 cc. of undiluted 
serum was placed in several small tubes having an inside diameter of 4 mm. and 
equal amounts of different dilutions of Old Tuberculin in physiological salt solu- 
tion were carefully layered above the serum. Preservative-free mammalian 


CYTOTOXIC ACTION OF TUBERCULIN 67 


tuberculin of the human types was used in the precipitin tests.2 Observations 
were made after two hours of incubation at 37°C. and the development of precipi- 
tate at the interface between the two liquids was recorded :as a positive result. 
As a control, precipitin tests were also done with sera taken from 10 normal 
rabbits and 6 rabbits infected with a human strain of Mycobacterium tuberculosis 
(Feldman, 439). 

Tissue culture methods: The quantitative tissue culture method used in the 
present study has been described in a previous publication (6). Splenic tissue 
was removed from a normal rabbit and from a rabbit inoculated with the test 
substance. Suitable explants were prepared and cultured in D5 Carrel flasks 
in medium containing tuberculin as well as in medium that did not contain 
tuberculin. Two samples of preservative-free mammalian tuberculin of Old 
Tuberculin strength were used.t Sample A was employed in a final concentra- 
tion of 1:500 and sample B, which was approximately twice as strong, was used 


TABLE 1 


Sensitization of rabbits to tuberculin by the intratesticular injection of heat-killed 
' tubercle bacilli in petrolatum 


STRAIN OF MYCOBACTERIUM 
TUBERCULOSIS DURATION OF SENSITIZATION 
USED TO SENSITIZE 


PRECIPITIN TITRE, DILUTION 


weeks 
K 756 H439 164 
K 757 H439 18 
L 21 H439 33 
72 H37 R Variant 8 
79 H37 R Variant 18 


in a concentration of 1:1,000. Tissue culture medium was prepared with plasma 
and serum obtained from the blood of a normal rabbit as previously described. 
In addition, in experiments with tissue of rabbits sensitized with heat-killed 
tubercle bacilli, a duplicate experiment was done using medium prepared with 
plasma and serum of a sensitized rabbit. 

The extent of migration of large wandering cells from the spleen was deter- 
mined in all cultures with the use of an ocular micrometer on the fourth day of 
incubation at 37°C. The average radius of the zone of migration in test cultures 
was compared with that observed in control cultures in the presence and absence 
of tuberculin. The results were expressed in terms of a comparative cytotoxic 
index according to the formula: 


Comparative cytotoxic index 


_ Average migration (N) Average migration (S + OT) 
~ Average migration (N + OT) Average migration (S) 


3 Obtained through the courtesy of the Bureau of Animal Industry of the United States 
Department of Agriculture. 

4 Obtained through the courtesy of the Bureau of Animal Industry of the United States 
Department of Agriculture. 
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in which N = cells from normal tissue and S = cells from tuberculin-sensitive 
tissue. A numerical value less than 1 is an indication that tuberculin has a 
specific damaging effect on tissue of sensitized animals. 

Cultures were incubated for six days, and the extent of growth of fibroblasts 
was observed. 


RESULTS 


Intracutaneous tuberculin tests: Positive skin reactions to Old Tuberculin were 
observed during the third and fourth week after the injection of killed tubercle 
bacilli in petrolatum. Immediate reactions to the intracutaneous injection of 
tuberculin were not observed, but reactions developed between twenty-four and 
forty-eight hours and reached their maximal intensity at about forty-eight hours. 
The reactions observed differed somewhat from those seen in rabbits with experi- 
mental tuberculosis. In rabbits sensitized with killed tubercle bacilli the skin 
reaction was larger and thicker and the edema was more pronounced than in 
infected animals. The skin reactions observed in the present study were pale 
with less diffuse redness than is usually present in a typical tuberculin reaction, 
and petechiae were usually present. Necrotic reactions were not observed. 

Rabbits that received injections of petrolatum alone did not show a reaction 
to the intracutaneous tuberculin test. Both rabbits inoculated with petrolatum 
containing Old Tuberculin and tested six weeks after injection showed the follow- 
ing kind of reaction. Thirty minutes after the intracutaneous injection of 
tuberculin a pale wheal measuring 20 mm. in diameter appeared at the site of 
injection. Four hours after injection the wheal was approximately 30 mm. in 
diameter; then it decreased in size until a small patch of edema 5 mm. in diam- 
eter was present twenty hours after injection. Slight redness of the edematous 
patch was noted at this time. No reaction was visible forty-eight hours after 
injection. 

The response of the 2 rabbits inoculated with petrolatum and PPD to the 
intracutaneous tuberculin test was also distinctive. An immediate reaction 
was not present in either instance, but a pale patch of edema measuring approxi- 
mately 10 mm. in diameter appeared about eight hours after injection. The 
swelling disappeared gradually and the skin appeared normal at forty-eight 
hours. 

Precipitin reactions: In all of the rabbits sensitized to tuberculin by the in- 
jection of killed tubercle bacilli in petrolatum, precipitins for tuberculin de- 
veloped. Although animals were not tested at regular frequent intervals it 
was observed that antibodies appeared at about the same time skin sensitivity 
occurred and were present until the end of the period of observation. The titres 
of sera obtained at the time tissue culture studies were made are recorded in 
table 1. Sera from 10 normal rabbits and 6 rabbits experimentally infected 
with a strain of Mycobacterium tuberculosis of the human type (Feldman H439) 
did not give a precipitin reaction with Old Tuberculin. The highest concentra- 
tion of tuberculin used in the test was 1 to 20. Precipitins were notobserved 
in the sera of rabbits that received injections of petrolatum alone or of petro- 
latum containing Old Tuberculin or PPD. 
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Tissue culture experiments: The microscopic appearance of cultures of splenic 
explants from normal rabbits and from rabbits with mild tuberculosis has been 
described previously (6). Cultures of explants from rabbits sensitized by the 
injection of killed tubercle bacilli in petrolatum qualitatively resembled those of 
explants from rabbits with mild tuberculosis and showed the same morphological 
changes in the presence of tuberculin. The extent of migration of wandering 
cells in explants from rabbits sensitized with killed tubercle bacilli was not as 
great as in explants from tuberculous animals. In other words, a stimulated 
activity of the large wandering cells was not observed. Cultures of the spleen 
of rabbits that received injections of petrolatum and petrolatum containing Old 
Tuberculin or PPD resembled cultures of the normal spleen. 


TABLE 2 


Comparative cytotoxic effect of tuberculin on migration of cells from explants of spleen of 
normal rabbits and rabbits inoculated with heat-killed tubercle bacilli in petrolatum 


COMPARATIVE CYTOTOXIC INDEX 
RABBIT TUBERCULIN USED IN 
CETOTOXIC TESTS Medium prepared with Medium prepared with 
blood of normal rabbit blood of sensitized rabbit 

K 756 A 0.74 0.56 
K 757 A 0.98 0.90 
L 21 A 0.43 0.50 

72 B 0.60 0.55 

79 B 0.25 0.31 

TABLE 3 


Comparative cytotoxic effect of Old Tuberculin, sample B, on migration of cells from explants 
of spleen of normal rabbits and rabbits that received injections of petrolatum 
or petrolatum containing OT or PPD 


RABBIT PREPARATORY INJECTION ee 
83 2 cc. petrolatum 1.01 
49 2 cc. petrolatum + 4 mg. OT 1.05 
86 2 cc. petrolatum + 0.02 mg. PPD 0.89 
82 2 cc. petrolatum + 0.02 mg. PPD 1.01 


Of the 5 rabbits sensitized with killed tubercle bacilli, the tissues of 4 showed 
a specific cytotoxic response to tuberculin, whereas in one instance (rabbit K 757) 
a specific cytotoxic effect was not observed. The results of quantitative deter- 
minations of the relative degree of migration of macrophages in control and test 
cultures are presented in table 2. In general the relative inhibition of sensitive 
cells by tuberculin was about the same in medium made with serum and plasma 
from the normal or the sensitized rabbit. The growth of fibroblasts from tuber- 
culin-sensitive explants was also decreased in medium containing tuberculin. 
In a small number of tests a specific cytotoxic response to tuberculin was not ob- 
served in animals that previously received injections of petrolatum alone or 
petrolatum containing Old Tuberculin or PPD (table 3). 
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COMMENT 


Although cellular sensitivity to tuberculin resulted in most instances from the 
injection of heat-killed tubercle bacilli in petrolatum, the results were not as 
uniform as those obtained in a previous study with tuberculous rabbits. The 
same samples of tuberculin were used in cytotoxic tests in both studies and ex- 
periments reported in this paper and in the previous paper (6) were done at 
about the same time. The reason for the failure of one sensitized rabbit to show 
a specific cytotoxic response is not known. The reactions to the intracutaneous 
tuberculin test in this animal were as marked as in other rabbits in the same 
group, and precipitins for Old Tuberclin were present in the blood. This 
animal appeared to be in good condition at the time it was used for tissue culture 
studies. 

The presence of antibodies in the serum of sensitized rabbits did not affect the 
degree of cellular sensitivity to tuberculin when these antibodies were present 
in the culture medium. It is obvious that antibodies could not be entirely 
removed from explants of sensitized rabbits by washing with Tyrode’s solution. 
Nevertheless, if the antiserum present had any effect on the cellular sensitivity 
to tuberculin, it seems likely that the quantitative methods used would have 
detected a difference in the effect of the same amount of tuberculin in the presence 
of a small or large amount of antiserum. 

Laidlaw and Dudley (20) showed that a complex carbohydrate fraction in 
tuberculin is responsible for the development of a precipitate with serum from 
animals hyperimmunized with dead tubercle bacilli. They also found that 
polysaccharide was not capable of causing the formation of antibodies and they 
expressed the view that a protein-polysaccharide complex was necessary for the 
formation of antibodies. Their observations have been substantiated by the 
work of other investigators. The failure of immune serum to modify the specific 
cytotoxic reaction to tuberculin is in agreement with the failure of antibody to 
influence the local or general reaction to tuberculin in tuberculous animals. 
Although a combination of polysaccharide with some other molecule, perhaps 
protein, is necessary for the production of precipitins, this antibody apparently 
does not react with the protein derivative responsible for eliciting the tuberculin 
reaction, either in vivo or in vitro. The complex necessary for the formation of 
antibodies is evidently not present in Old Tuberculin or PPD, and Masucci, 
McAlpine, and Glenn (21) found that it was not present in the culture filtrate 
from which bacilli had been removed. 

The results of experiments with the injection of Old Tuberculin and PPD 
in petrolatum are in agreement with the results of similar attempts by other in- 
vestigators to induce tuberculin sensitivity or the formation of antibodies with 
products of the tubercle bacillus. In this study, rabbits that received injections 
of Old Tuberculin in petrolatum showed an immediate wheal formation after the 
intracutaneous injection of tuberculin, which suggested an anaphylactic type of 
sensitivity. ‘The small wheal which appeared about eight hours after the intra- 
cutaneous injection of tuberculin into rabbits that previously received injections 
of PPD in petrolatum may have indicated a low degree of the same kind of sensi- 
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tivity, but further studies were not carried out to determine the nature of the 
reaction. 


SUMMARY AND CONCLUSIONS 


The intratesticular injection of heat-killed tubercle bacilli suspended in petrola- 
tum into rabbits resulted in the development of a specific cytotoxic response in 
4 of 5 instances. Although the degree of cellular sensitivity to tuberculin was 
marked in some instances, a good deal of variation existed in the results obtained 
with different rabbits. For this reason, explants of spleens from rabbits sensi- 
tized with heat-killed tubercle bacilli are not as satisfactory for tissue culture 
studies as explants from tuberculous rabbits. 

In all rabbits that received injections of killed tubercle bacilli in petrolatum, 
a well-marked skin sensitivity and precipitating antibodies to Old Tuberculin 
developed. The presence of precipitins for Old Tuberculin in the tissue culture 
medium did not alter the specific cytotoxic activity of tuberculin. 


SUMARIO Y CONCLUSIONES 


En 4 de 5 casos la inyeccién intratesticular en el conejo, de bacilos tuberculosis 
muertos por calor y suspendidos en petrolato produjo una respuesta citotéxica 
especifica. Aunque la intensidad de la sensibilidad celular a la tuberculina fué 
prolongada en algunos casos, observése mucha variacién en los resultados ob- 
tenidos en distintos conejos, por cuya raz6n los explantes de bazos procedentes 
de conejos sensibilizados con bacilos tuberculosos muertos al calor no resultan 


tan satisfactorios para los estudios de cultivos histolégicos como los procedentes 
de conejos tuberculosos. 

En todos los conejos que recibieron inyecciones de bacilos tuberculosos muertos 
en petrolato presentdronse hipersensibilidad cutanea y anticuerpos precipitantes 
a la tuberculina antigua. La presencia de precipitinas para la tuberculina anti- 
gua en el medio de cultivo de tejido no alteré la actividad citotéxica especifica de 
la tuberculina. 
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CHEMOTHERAPY IN EXPERIMENTAL TUBERCULOSIS 
Tests in vitro and in vivo with Different Types of Agents 


WINDSOR C. CUTTING, L. P. GEBHARDT, F. PROESCHER anp E. DURRUM 


With the technical assistance of H. B. Moy 


Chemotherapeutic trials in animal tuberculosis were made in great number 
immediately after the introduction of the sulfonamides into medicine. All of ¥ 
the common sulfonamides were found to exert at least a deterrent effect on mM 
tuberculosis in guinea pigs. Thus, Rich and Follis (1) found that the tuber- i 
culous lesions produced in guinea pigs were less extensive in animals treated with se 
sulfanilamide. More recent results are similar, even with more potent sulfona- 
mides, as shown by a report of Ballon and his coworkers (2). In 1942, these § 
authors found that sulfathiazole exerted an inhibitory effect in experimental i. 
tuberculosis, but this was not sufficient to justify clinical trials. i 
More encouraging results have been reported with the diaminodiphenylsulfone 
derivative called “promin” (sodium p,p’diaminodiphenylsulfone-N , N’-didex- ! 
trosulfanate). Feldman and his coworkers (8), as well as other investigators, by 
have shown that the administration of promin notably limits the development of 
tuberculosis in guinea pigs, as compared to that in untreated controls. The 4 
best results were obtained when the inocula of tubercle bacilli were very small, } 
and when large guinea pigs were used. Later Feldman, Hinshaw and Moses 
(4) reported that ‘“diasone” (disodium formaldehyde sulfoxalate diaminodi- 
phenylsulfone) was superior to promin in being slightly less toxic, and still later 
(5) that “promizole” (4 ,2’-diaminophenyl-5’-thiazole sulfone) was superior to 
the preceding drugs. Several related compounds have been shown to exert 
somewhat similar effects (6,7). Reports of the clinical trial of these compounds ‘4 
have been notably reserved as to the estimate of their final therapeutic value (8). i: 
Recently, many other compounds, unrelated to the sulfonamides, have also | 
been suggested. These include cadmium sulfide (9), benzophenone (10), chloro- : 
phyl (11), 2,3,5 triiodobenzoate (12), methyl-isopropyl-phenol (13), wetting i 
agents (14), thymol (15) and propamidine (16). 4 
The problem of chemotherapy in tuberculosis lends itself to the testing of bo 
agents in vitro and in vivo. In vitro, many agents may be tested rather easily bs 
by their incorporation in a medium upon which tubercle bacilli are subsequently ti 
seeded. Jn vivo, the more difficult character of the experiment tends to restrict 
the number of agents that may be tried. The sensitive guinea pig may succumb ie 
to intercurrent disease or the toxicity of the compound, and a large number of i: 


1 From the Departments of Pharmacology and Therapeutics, and Bacteriology and Ex- 
perimental Pathology, Stanford University School of Medicine, San Francisco, the Depart- 
ment of Bacteriology, University of Utah School of Medicine, Salt Lake City, and the Santa 
Clara County Hospital, San Jose, California. 

2 Supported in part by the Rockefeller Fluid Research Fund, Stanford University School fe 
of Medicine, and in part by the University of Utah Research Committee Fund. 4 
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animals are needed because of the variable response to tuberculous infection. 
Also, certain compounds are not available in quantities adequate for tests in 
animals. Perhaps most important, the final point of comparison usually must 
be made, not on life versus death, but on the relative degree of organ involvement 
in control and test animals. 

Our program has been to test all available compounds first in vitro, and then 
to try in guinea pigs those agents which gave promising results in vitro. Sub- 
stances which might be active only in vivo would, of course, be missed by this 
procedure, but it was not felt that the time and expense necessary to test all 
compounds in animals could be justified. 


IN VITRO TESTS 


For the in vitro studies, human tubercle bacilli of the Stanford 0-28 strain*® 
were grown at 37°C. on a solid medium containing egg, veal infusion broth, 
peptone and glycerin, buffered to a reaction of pH 7.2 to 7.4. In control tubes, 
colonies of tubercle bacilli appeared within two weeks, and became luxuriant 
in four to six weeks. The agents to be tested were mixed with the medium before 
it was autoclaved, which limited the tests to compounds unaffected by this 
degree of heat. In some instances, the insolubility of the compounds lowered 
the concentration at the surface of the media. 

Each compound was tried routinely in 5 separate tubes, in a concentration of 
40 or 20 mg. per 100 cc. of medium. When inhibition of the growth of tubercle 
bacilli occurred, further tests were made, and the concentrations of the agent 
were reduced successively to 10, 5 and 2.5 mg. per 100 cc. Compounds which 
produced inhibition in concentrations of 10 mg. per 100 cc., or less, were called 
highly active; those which produced inhibition only in concentrations greater 
than 10 mg. per 100 cc. were called slightly active; those which failed to modify 
the growth as compared with the controls were called inactive. 

A total of over 300 compounds, obtained from diverse sources, were tested. 
Some were obtained commercially, some synthesized by us and some kindly 
supplied by the following organizations: Shell Development Company, Emery- 
ville, California; Monsanto Chemical Company, St. Louis; Frederick Stearns 
and Company, Detroit; Abbott Laboratories, North Chicago, Illinois; American 
Cyanamid Company, New York City; and the Western Regional Research 
Laboratory, U.S. Department of Agriculture, Albany, California. 

The results of the in vitro trials are shown in the following tabulation. 


Sulfonamide Derivatives 


Slightly active 

sulfadiazine neosynephrine sulfathiazolate 

thiocarbonyldisulfanilamide p-diphenylaminobisazosulfanil- 
amide 

diasone m-ethylphenylazosulfanilamide 


* Originally obtained from Saranac Lake Sanatorium by Dr. E. W. Schultz, of the Stan- 
ford Department of Bacteriology. 
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Sulfonamide Derivatives—Continued 


Inactive 

sulfanilamide 

sulfathiazole 

sulfadiazine 

promin 

dichlorosulfanilamide 

cholic acid-sulfanilamide 
carbonyl] disulfanilamide 
o-hydroxybenzalsulfanilamide 


roseanilinediazosulfanilamide 
urea disulfanilamide 

urea monosulfanilamide 
aminodiphenplsulfone 


m-hexalbenzalsulfanilamide 
bromosulfanilamide 
sulfathiazole with ‘‘Aerosol’’ and 
other wetting agents 
aminopyridineazosulfanilamide 
sodium naphthalate tribromo- 
azosulfanilamide 
8-sodium quinolate-5-azosulfa- 
nilamide 
aminodiphenylsulfoneazosulfa- 
nilamide 
benzedrinesulfanilamide 
saccharinesulfanilamide 


The inactivity of promin may have been due to the fact that, under in vitro 
conditions, it was not split to diaminodiphenylsulfone, as may occur in vivo. 
There is no doubt that the sulfonamide nucleus exerts a slight inhibitory effect 


on tubercle bacilli in vitro. 


Sulfolanyls 


Highly active: sulfolanylamine 


Slightly active 
sulfolane (butadienemonosulfone) 
dimethylsulfolane 


Inactive 

dibromosulfolane 

sulfolanylsulfanilamide 

N;sulfolanyl-p-acetyl aminoben- 
zenesulfonamide 

acetyl N-allyl-N-sulfolanyl- 
sulfanilamide 

sulfolanol 

methylsulfolanyl ether 


normal decylsulfolanyl ether 


monoethylsulfolane 


allylsulfolanylether 

sulfolanylacetate 

sulfolanyloleate 

sulfolanyl substituted with: 
X-OCH = CH(CH:);CO 

3,3 ,5,trimethylcyclohexol sulfo- 
lanyl ether 

2 ,4-dimethylsulfolanesulfolanyl- 
ether 

allylsulfolanylsulfanilamide 


Part of the effect of butadiene monosulfonamide (sulfolanylamine) may have 
been due to its alkalinity, as the neutralized compound was inactive. 


Plasticizers 


Inactive: Monsanto Santicizers 1H, 8, 9 and 10 


This attempt to inhibit the bacillus through an effect on the moulding of its 


capsular substance was unsuccessful. 


Heavy Metals 


Highly active: sobisminol 


Inactive 
gold sulfauramine 
sodium bismuthate 


sodium arsanilateazosulfanilamide 
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Sobisminol showed considerable activity, but sodium bismuthate, the active 


metallic compound, was inactive. 


A mixture of triisopropanolamine and prop- 


ylene glycol, the alkaline vehicle in sobisminol, showed considerable activity. 
Triethanolamine, another alkaline amine, showed a high degree of inhibition, 
which was lost when it was neutralized. 


Chaulmoogra Derivative 


Highly active: ethyl chaulmoograte 


Phenothiazine Derivatives 


Slightly active 
phenothiazine 
phenothiazone 
thionol 
phenothioxin 


Inactive 
phenazine 
diphenyl 
dimethylacridan 


fluorone 

diphenylene oxide 
dihydroxymethylacridan 
alpha-hydroxyphenazine 


dibenzthiophen 
alpha-beta-phenazine 
phenothiazine sulfoxide 


Acridine Derivatives 


Highly active 

10-methy]l-3-6-aminoacridine- 
azosulfanilamide 

neutral acriflavine 


Slightly active 
aminoantipyrinsulfanilamide 
phenylacridine 


Inactive 

2-ethoxy-6 ,9-diaminoacridine- 
azosulfanilamide 

2-ethoxy-6 ,9-diaminoacridine- 
sulfapyridine 

trypflavineazosulfanilamide 

atabrine 


acridine orange CI 788 
2-ethoxy-6 ,9-diaminoacridine- 
azosulfanilamide 


pyridium 

2 butyloxy-2.6’-diamino 5.5’ 
azopyridine 

thioacridine 

methylether of thioacridine 

butylphenylacridine 


Certain of the acridines, especially the first three of the list above, were more 
active than any other compounds tested, except ethyl chaulmoograte. 


Highly active 
capri blue 
methylene blue 
azur A 

azur B 

azur C 


Slightly active 

lauth’s violet 

ethyl violet 

sun yellow 

naphthylamine yellow, brown, 
and red 


Dyes 


azur I 

ethyl red 
acridine yellow R 
janus black 


chrome yellow 
nile blue sulfate 
azo rubin 
diazine green 
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Inactive 

congo red 

soluble iodophthalein 
crystal violet 
p-rosaniline base O 
malachite green oxalate 
night blue 
victoria blue 
lyon’s blue 
rhodamin 

acid brown 
magdala red 
benzopurpurin 
para blue 

patent blue 
brilliant green 
biebrich scarlet 
alkali blue 
thiazin brown 
bordeaux R 
porrier’s blue 
stilbene yellow 
quinoline yellow 
foist yellow 
pyoktanin yellow 
mikado yellow 
yellow KM 
brilliant yellow 
yellow 66 
amaranth 

aniline blue black 
alkalie green D 
acid green 6 


Slightly active 
m-phenylenediamine 
cyclohexanol 
salicylaldehyde 
penta-erythrityl bromide 


Inactive 
p-aminophenol 
diphtheria toxoid 
diphtheria antitoxin 
o-phthalonitrile 
rotenone 

cube root 
naphthylmethylether 
thiocoumarin 
xanthone 
azobenzene 
p-nitroanisole 
n-nitrosodiphenylamine 


Dyes—Continued 


auramineazosulfanilamide 
sudan I 
sudan IT 
sudan ITI 
sudan IV 
azo blue 

fat ponceau 
ponceau 3R 
scarlet B 
scarlet G 
scarlet R 
azophor red 
azo fuchsin 
ponceau G 
scarlet MOO 
scarlet 2R 
ethyl eosin 
red violet 5R 
black NBR 
benzyl violet 
propyl red 
fast red 
iodine violet 
alizarine yellow 6 
aurin 

janus yellow 
gallein 
coerulein MS 
direct green 
fast green FCF 
ponceau B 
crocein 


Miscellaneous 


2,3,5 triiodobenzoic acid 

3,5 diiodo-2-hydroxybenzoic acid 

acetylsulfanilamide 2,4 naphtho- 
quinone 


o-bromophenol 

orcinol 

ethyl carbamate (curethan) 
chlorohydroquinone (practical) 
benzamide 

triacetonamine hydrate 
thioacetomide 
bromohydroquinone (practical) 
toluhydroquinone 

3 ,4-diaminotolulene (practical) 
p-chloroaniline 

alloxin chlorohydrate 
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Miscellaneous—Continued 


hydroazobenzene 2 ,4,6-tribromophenol (practical) 
plasmochin formalide 

saccharin p-bromobenzoyl chloride 

thymol 1 ,4-dihydroxybutane 
chlorthymol glycerolphenyl ether diacetate 
phosphine diisophorone 

imidiazol citrinin 

2-4 dihydroxybenzoic acid 2 amino 9 phenoacridine 
o-phenylenciamine picochrome 


The diphtheria toxoid and antitoxin, tried because of their alleged efficiency 
in leprosy (17), were undoubtedly inactivated by the autoclave. 

Briefly summarized, it is apparent that several widely diverse drugs inhibit 
the growth of tubercle bacilli in vitro. It may be important that several of those 
tried are probably not classical antiseptics, which act through complete chemical 
or physical destruction of the microérganism, but appear to resemble the newer 
bacterial chemotherapeutic agents whose effect is more subtle. This may be 
interpreted as indicating that the tubercle bacillus is susceptible to agents which 
need not necessarily destroy normal tissues, and, therefore, allows hope for a 
clinically effective agent. Also, it seems obvious that the waxy capsule is not 
necessarily a barrier to the action of lethal bactericidal agents. 


IN VIVO TRIALS 


Agents which inhibited the growth of tubercle bacilli in the test tube in 10 mg. 
per cent or less were tried in tuberculous guinea pigs, in so far as quantities 
sufficient for adequate testing were available. The compounds were given to 
young guinea pigs (weight about 300 g.) either by subcutaneous or intraperi- 
toneal injection or mixed in their food or drinking water. The food was a pre- 
pared rabbit ration* supplemented by greens once a week. When drugs were 
incorporated in it, the product was passed through a coarse grinder to allow 
better mixing and, therefore, more complete consumption of the drug. After 
two to five days of administration of the drug, the treated guinea pigs, together 
with the controls, were injected intraperitoneally or subcutaneously in the groin, 
with a suspension of 0.1 to 1 mg. of the 0-28 strain of tubercle bacilli. At death, 
examination was made for gross lesions, from which smears were made. When 
gross lesions were absent, or only suspected, smears were made from appropriate 
regions, including especially the regional lymph nodes. Intercurrent disease was 
responsible for the death of several guinea pigs, but four weeks after inoculation, 
the tuberculous lesions were normally large enough to insure accurate diagnosis. 
Animals dying earlier than this were discarded. From 2 to 75 medicated guinea 
pigs, with from 3 to 8 untreated controls, were used for each drug or combination 
of drugs studied. The larger number of guinea pigs was made up of several small 
groups of animals, run at different times, and seldom exceeding 8 guinea pigs each. 
Treatment was continued in most instances until the death of the animal. When 


4Purina Rabbit Chow. 
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TABLE 1 


NUMBER OF 
GUINEA PIGS 


DOSAGE AND ROUTE 


Phenothiazine 
Dichlorosulfanilamide 


Butadiene monosulfone 


Phenothiazone 
Thionol 
Sulfadiazine 
Sobisminol 
Santicizer 1H 
Santicizer 8 
Santicizer 9 
Santicizer 10 
Promin 

Ethyl chaulmoograte 
Phenazine 
Sulfazoacridine 
Methyleneazur C 
Azur 1 


Azur A French 


o-Hydroxybenzal- 
sulfanilamide 
Sulfazoacriflavine 
Diphtheria toxoid 
Diphtheria antitoxin 
Butadiene mono- 
sulfoneamine 
Monomethy] buta- 
dienemonosulfone 
Dimethyl! buta- 
dienemonosulfone 
Sulfolanylsulfanil- 
amide 
Neosynephrine sulfa- 
thiasofate 


10-Methyl-3-6-amino- 
acridineazosulfanil- 
amide 


4% in diet 

12 to 25 mg. subcut. 
or orally, daily 

25 to 50 mg. subcut., 
or 1% in diet or 
water 

+% in diet 

+% in diet 

4% to 1% in diet 

23% in water 

4 to 2% in diet 

4 to 2% in diet 

+ to 2% in diet 

4 to 2% in diet 

4 to 2% in diet 

4% in diet 

4% in diet 

1% in diet 

1% in diet 

20 mg. intraperito- 
neally daily 

20 mg. intraperito- 
neally daily 

2% in diet 


1% in diet 
subcutaneously 
subcutaneously 

20 to 40 mg. subcut. 


10 mg. subcut. daily 
10 mg. subcut. daily 


2.5 mg. subcut. or 
4% in diet 

10 to 50 mg. subcut. 
daily; and to 2% 
in diet 


2.5 to 10 mg. subcut. 
daily 


No effect 
No effect 


No effect 


No effect 
No effect 
No effect 
No effect 
No effect 


‘No effect 


No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 


No effect 

No effect 

No effect 

No effect 

No effect 

No effect 

No effect 

No effect 

No effect 

Questionable 
retardation 
in some 


animals 
Inconclusive 


Unsatisfactory; 
sloughs at site of 
injection; necessi- 
tated brief treat- 
ment 
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TABLE 1—Continued 


DOSAGE AND ROUTE 


Neutral acriflavine 


Acridine orange CI 788 


Acriflavinesulfanil- 
amide 


Acetone 


Acetone plus sulfa- 
diazine 


Diazone 
Sulfadiazine plus 


zepbiran 


Sulfadiazine plus 
propylene glycol 


Cyclohexanol 


Salicylaldehyde 


2.5 to 5 mg. subcut. 
daily 


2.5 mg. subcut. 
daily 


5 mg. subcut. daily 


2cc. of 25% solution 
intraperitoneally 
daily 

2 cc. of 25% solution 
intraperitoneally 
daily, plus 2% 
sulfadiazine in diet 

0.75% in diet 


1 to 2% in diet 
1:1000 to 1:4000 in 
drinking water 

1 to 2% in diet 

2.5 to 10% in drink- 
ing water 

40 mg. intraperito- 
neally daily 

40 mg. intraperito- 
neally daily 


Inconclusive 


Inconclusive 


Inconclusive 


Inconclusive 


Inconclusive 


Questionable 
retardation 


No effect 
Questionable 

retardation 
No effect 


Inconclusive 


Unsatisfactory; 
sloughs at site of 
injection; necessi- 
tated brief treat- 
ment 

Unsatisfactory; 
sloughs at site of 
injection; necessi- 
tated brief treat- 
ment 

Unsatisfactory ; 
sloughs at site of 
injection; necessi- 
tated brief treat- 
ment 

Abdominal 
adhesions 


Absent or minimal 
lesions in a few 
animals 


Absent or minimal 
lesions in a few 
animals 


sloughing or subcutaneous fibrosis at the site of injection was produced, the 
course of treatment was limited to a few days or weeks, but the animals were 


observed for the usual periods. The results obtained are shown in table 1, in 
which “no effect” signifies that there was no detectable difference between 
control and treated animals. 

It is seen that most of the compounds exhibiting bactericidal power in vitro 
were ineffective in vivo. Ethyl chaulmoograte was totally ineffective, and the 
acridine compounds produced only a very questionable improvement. It was 
impossible to obtain enough of the latter compounds to make adequate trials 
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by oral administration, and the irritating nature of the products limited their 
parenteral use to insufficient periods for complete assessment. Neosynephrine 
sulfathiazolate appeared to produce considerable retardation of the tuberculous 
changes in several animals, but this could not be confirmed on further trials. 
The combination of sulfadiazine and a solvent (acetone or propylene glycol) 
was interesting as retardation of the tuberculous lesions (but not enough to sug- 
gest clinical usefulness) was produced in some animals. The deterrent effect 
of diasone on the disease appeared to be only slight under the conditions of these 
experiments. The drug “promizole” could not be obtained for comparative 
testing. 

The beneficial results obtained have all been characterized as retardations of 
the disease and not as cures, although in occasional animals all lesions appeared 
to have been totally suppressed. In control animals there was also, occasionally, 
marked suppression of the disease. The more striking results of other investiga- 
tors may be due, in part, to the use of much smaller inocula of tubercle bacilli 
and older, and hence more resistant, guinea pigs. 


CONCLUSIONS 


1. Of 300 compounds tested in vitro as possible chemotherapeutic. agents 
agents against Mycobacterium tuberculosis var. hom., 39 of the more promising 
were tested in guinea pigs inoculated with tubercle bacilli. 

2. Although slight and irregular suppression of the infection occurred with 
neosynephrine sulfathiazolate, diasone and a combination of sulfadiazine and 
propylene glycol, in no case did this appear adequate to justify clinical trials. 


CONCLUSIONES 


1. De 300 compuestos comprobados in vitro como posibles elementos quimio- 
terapéuticos contra el Mycobacterium tuberculosis var. hom., 39 de los que prome- 
tian mas fueron comprobados en cobayos inoculados con bacilos tuberculosos. 

2. Aunque el sulfatiazolato de neosinefrina, la diasona y una combinaciénde 
sulfadiazina y glicol de propileno, obtuvieron una leve e irregular supresién de 
la infeccién, en ningtin caso parecié la misma adecuada para justificar ensayos 
clinicos. 
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SULFADIAZINE IN EXPERIMENTAL TUBERCULOSIS! 
C. RICHARD SMITH anp FRANK W. OECHSLI 


In the search for a chemotherapeutic agent against tuberculosis sulfadiazine 
recommends itself for trial because of an unusually low toxicity. Smith, Emmart 
and Westfall (1) noted inhibition of tubercle bacillus cultural growth by sodium 
sulfadiazine at a concentration of 10 mg. per cent. More effective were the 
three compounds, diaminodiphenylsulfone, diaminodiphenylsulfoxide and sulfa- 
thiazole; while less effective were phosphonilic acid and promin. The same 
authors treated infected guinea pigs by mouth for thirty days with 5 different 
drugs. Animals showing best survival and least disease at 107 days were those 
treated with diaminodiphenylsulfone, promin and sulfadiazine. Diaminodi- 
phenylsulfone was considered the most effective agent in vivo and in vitro. Sulfa- 
diazine showed an effectiveness in vivo comparable to that of promin. 

Feldman and Hinshaw (2), on the other hand, after trying out 6 different 
compounds on tuberculous guinea pigs, reported sulfadiazine to be ineffective 
in comparison with the 3 sulfones, 4-aminophenyl-5-amino-2-pyridalsulfone, 
4-amino-4-dodocanoylamidophenylsulfone and promin. This study was quite 
different in nature, however, from the foregoing. Here the animals were in- 
fected six weeks prior to, and were tuberculous at the beginning of treatment. 
Treatment then continued twenty-six weeks before autopsy. 


PLAN OF EXPERIMENT 


Forty-eight guinea pigs were separated into two groups as follows: 


A. 24 animals infected with tubercle bacilli but not treated. 
B. 24 animals infected and treated with sulfadiazine. 


Each group was composed of an equal number of males and females kept 
separately,6toacage. The average weights were 494.4 g. for group A and 486.9 
g. for group B. 

Infection was by subcutaneous injection into the right flank with 1 cc. of a 
suspension containing 0.0001 mg. moist culture of virulent human tubercle 
bacilli (strain 88) three and a half to five weeks old. 

The experiment was staggered over a period of twelve days, one male and one 
female from each group being inoculated each day and all subsequent examina- 
tions being staggered accordingly. 

Drug treatment was started on the same day as infection, following an eight- 
day period of gradual acclimatization to the drug. The sulfadiazine powder 
was incorporated in the feed pellets in a concentration of 1.3 per cent according 
to the method of Feldman (3). The average daily intake of drug was estimated 
at 257 mg., equal to 524 mg. per kg. 

The experiment was scheduled to run twenty-eight days. 


1From the Barlow Sanatorium, Los Angeles, California. 
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Blood chemistry: Blood concentrations of free sulfadiazine were determined 
immediately prior to autopsy, that is, at the end of twenty-eight days between 
8:00 and 8:30 in the morning. In 16 group-B animals the levels varied from 
7.0 to 17.1 mg. per cent with an average of 12.2 mg. 

Tuberculin tests: Intracutaneous injections were made with 0.1 ec. of 5 per cent 
OT. The reactions were graded according to Aronson (4). The results are 
shown in table 1. 

Postmortem examination: One group-A animal was lost; one group-B animal 
died on the twelfth day and was excluded from the evaluation of results, one 
died on the twenty-second day but was included in the results. Those remaining 
were killed on the twenty-ninth day after infection. 

There were 23 animals in each group suitable for disease evaluation. Gross 
estimates were made of size and numbers of lesions in the spleens and livers. 
Spleens, livers and tracheobronchial lymph nodes? were weighed. Weighed 
fractions of spleens and livers were ground up and cultured quantitatively in 


TABLE 1 
Reactions to 0.1 cc. of & per cent Old Tuberculin 


REACTION 


2 WEEKS 


3 WEEKS 


26 


Control 


Treated 


Control 


Treated 


Treated 


Negative 
Animals lost or dead.... 


10 


13 
1 


1 


2 
4 
7 
1 


23 


1 


serial dilution. The remaining portions of the organs as well as the tracheo- 
bronchial lymph nodes were preserved in Kaiserling’s fluid for later gross and 
microscopic evaluation. 

The data for each type of examination were placed in an array of increasing 
values. Spleens preserved in Kaiserling solution were arranged by direct com- 
parison according to the amount of gross disease. Fresh tissue inspection 
determined the gross values for livers. Microscopic sections were arranged by 
direct comparison. In the case of tracheobronchial lymph nodes, the actual 
grams of tuberculous tissue were calculated from microscopically determined 
diameters of nodes and diseased tissue and the lymph node weights.* Total 
numbers of live tubercle bacilli present in each organ were estimated from colony 
counts of the cultured fractions. All disease evaluations were made without 
knowing the true designation of the organ or tissue, that is, without prejudice. 


? The amount of disease in the tracheobronchial lymph nodes was considered a measure 
of lung infection. 

’ These calculations were based on the assumption that the lymph nodes and their dis- 
eased regions were spherical. This is only partly true and the calculations therefore only 
approximate. 
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Results: The treated animals had less tuberculosis than the controls in every 
ease. All control guinea pigs were grossly positive for tuberculosis in livers 
and spleens; all were microscopically positive in the spleens and tracheobronchial 
lymph nodes, all positive in the livers with one exception; all control spleens and 
livers were positive by culture. Three of the treated animals were completely 
free of disease grossly and microscopically. The spleens were negative to gross 
examination in 22, to gross and microscopic examination in 10 and to cultural 
examination in 2 guinea pigs. The livers were negative to gross inspection in 
20, gross and microscopic examination in 14 and to culture in 6. The tracheo- 
bronchial lymph nodes were microscopically negative in 12 cases. 

The numbers of tubercle bacilli cultured from the control spleens and livers 
were, on the average, about fourteen times greater than those cultured from 
the treated organs. Thus the mean number of bacilli in the treated spleens was 
248,000 with extremes of none and 3,168,000; the mean number in the control 
spleens was 3,371,700 with extremes of 783,000 and 50,350,000. The mean 
bacillary count for treated livers was 255,000 with extremes of none and 3,689,000. 
The mean for control livers was 3,724,862 with extremes of 47,000 and 
29,380,000.* 

The calculated grams of tuberculous tissue in the tracheobronchial lymph 
nodes were on the average 400 times greater in the control than in the treated 
animals. The mean value for the former was 0.1998 grams with extremes of 
0.0002 and 0.7080; that for the latter was 0.0005 grams with extremes of none 
and 0.0030 grams.* 

No attempt was made to obtain absolute figures for the results of gross and 
microscopic examinations in the spleens and livers. The positive organs were 
designated minimal, moderately advanced and far advanced according to the 
relative amount of disease. If the organs from the treated and control animals 
are arrayed separately as above, the median item from each group serves as a 
basis for comparison. Thus, for gross examinations, the median spleen of the 
treated group was negative, that of the control group showed perhaps half its 
Malpighian bodies enlarged to from 1 to 2 mm. and was rated as moderately 
advanced. The median treated liver was negative, that of the controls was 
estimated to have 150 surface lesions averaging 0.5 mm. in diameter and was 
classified as moderately advanced. 

Microscopically, the median treated spleen was classified as minimal and only 
2 or 3 of its Malpighian bodies showed epithelioid cell proliferation involving a 
small fraction of their areas. The median control spleen was rated as far ad- 
vanced and showed almost complete epithelioid cell involvement of the majority 
of the Malpighian bodies with beginning caseation in the centres of several. 
The median treated liver was microscopically negative; the median control 
showed perhaps half of its portal spaces involved in epithelioid change, one- 
fourth of these having caseous centres, and it was rated as moderately advanced. 


4 The distribution of these data is irregular. 
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DISCUSSION 


Objectivity in disease evaluation was aided by coded labeling of preparations 
for examination, by the direct comparison technique and by the use of measure- 
ments and weights in lymph node calculations. 

We did not attempt to obtain a single figure representing disease extent and 
severity. Such procedure is not entirely satisfactory. Moreover, the difference 
between the treated and control groups was so nearly complete according to the 
several measures of disease that a marked chemotherapeutic effect cannot be 
questioned. 

Of interest in connection with the evolution of disease evaluation methods 
is that the gross rating of splenic disease agreed exactly with the predominance 
of evidence from all measures. 

The estimated numbers of tubercle bacilli in the spleens and livers are parallel 
to the disease evaluations with few exceptions. The obvious implication is that 
this drug prevents disease development by inhibiting the multiplication of bacilli 
in the animal tissues. 

The delayed appearance of tuberculin sensitivity in the treated guinea pigs 
is likewise parallel to postmortem findings. This phenomenon was observed 
in a previous study (5). There is evidence that the speed of the evolution of 
allergy is dependent on the number of tubercle bacilli entering the tissues (6). 
Thus it is indicated that the time required for the elicitation of a positive tuber- 
culin reaction may within limits be used as an inverse measure of the multiplica- 
tion of tubercle bacilli in the infected animal and, it follows, of the resultant 
disease development. 

It is a question as to whether human trials of sulfadiazine treatment should 
be recommended. That we found invariable inhibition of disease in a fairly 
large number of animals is suggestive. Smith, Emmart and Westfall, however, 
whose experience with sulfadiazine agrees in general with ours, preferred to look 
toward the preparation of less toxic derivatives of diaminodiphenylsulfone. 
That Feldman and Hinshaw found sulfadiazine “ineffective” in the treatment 
of already established animal tuberculosis is certainly not encouraging in the 
consideration of human disease treatment. These authors, too, were more 
impressed by the sulfone type of compound. On the other hand, the wide- 
spread use and familiarity with sulfadiazine along with its relative safety and 
low proportion of side reactions are in favor of clinical trial. 


SUMMARY 

1. Following infection with tubercle bacilli, sulfadiazine treated guinea pigs 
were slower in the development of allergy than the controls. 

2. Animals treated with sulfadiazine for four weeks following infection in- 
variably had less tuberculosis than the controls. About one-half of the spleens, 
livers and tracheobronchial lymph nodes from the treated animals showed no 
tuberculosis on microscopic examination. 

3. There were about fourteen times as many tubercle bacilli in the spleens 
and livers of the control animals as in the treated animals. 
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4. The slower evolution of allergy and the lesser disease in the treated animals 
is probably a result of drug inhibition on multiplication of tubercle bacilli. 


SUMARIO 


1. Después de ser infectados con bacilos tuberculosos, los cobayos tratados con 
sulfadiazina mostraron un desarrollo mas lento de alergia que los testigos. 

2. Los animales tratados con sulfadiazina durante cuatro semanas consecu- 
tivas a la infeccién, mostraron invariablemente menos tuberculosis que los tes- 
tigos. Aproximadamente la mitad de los bazos, higados y ganglios linfAticos 
traqueobronquiales de los animales tratados, no revelaron tuberculosis al micros- 
copio. 

3. Encontréronse aproximadamente 14 veces mds bacilos en los bazos e hf- 
gados de los testigos que de los animales tratados. 

4, La evolucién mas lenta de la alergia y la menor patologia en los animales 
tratados representan probablemente el efecto inhibidor de la droga sobre la 
multiplicacién de los bacilos tuberculosos. 
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TUBERCULOSIS IN HOUSEHOLD ASSOCIATES! 
The Influence of Age and Relationship 


RUTH R. PUFFER, H. C. STEWART anp R. 8. GASS 


The chief purpose of the epidemiological study of tuberculosis is to learn the 
selectivity exhibited by the disease. Distinction must be made between tubercu- 
lous infection, which is an almost inevitable sequel to exposure to tubercle 
bacilli, and tuberculous disease, which is highly selective. We need the answer 
to the important question: Why do only certain perso.:3, constituting a relatively 
small proportion of those infected, develop tuberculosis? A factor in addition 
to exposure to tubercle bacilli or a combination of factors is necessary to set 
in motion the chain of symptoms and pathological processes which constitute 
one or another of the clinical types of tuberculosis. Possible factors are unusual 
dosage of bacilli (excessive exposure), age at first and subsequent exposure, and 
incapacity of the body to repel the invasion (susceptibility). 
In epidemiology, rates of prevalence, incidence and mortality are useful for 
the comparison of the experience in different groups of the population. These 
rates may be obtained for persons differing according to household exposure to 
tubercle bacilli, that is, for household associates of sputum-positive and sputum- 
negative tuberculosis patients. In comparing these rates, the assumption is 
made that the differences are attributable to the known variable, that is, varia- 
tion in exposure to tuberculosis. Although intimacy of contact between a pa- 
tient and his associates may vary considerably, the opportunities for infection 
are more nearly equal for household associates of sputum-positive tuberculosis 
patients than for any other groups available for study. The members of this 
group, however, are not necessarily equivalent regarding other factors. Further 
subdivision of the group of associates is essential to understand the significance 
of such factors as susceptibility to the disease as well as the effects of exposure 
to tubercle bacilli. 
In previous papers (1, 2, 3) it has been shown that the risk of developing tuber- 
culosis for persons living in household association with a tuberculosis patient 
known to be sputum-positive is great. Also, the risk is greater for associates 
of open cases than for associates of cases not known to be sputum-positive. 
Attack rates are high for associates exposed to tubercle bacilli in the home; ‘ 
nevertheless, many of those exposed never develop the disease. 
The present paper reports the prevalence of manifest tuberculosis at the time 
of investigation and the attack rates during observation according to exposure 
to tubercle bacilli, age, and relationship of the associates to the person with 
tuberculosis directing attention to the family. An additional factor, which 
was not considered in previous papers—relationship by blood to the tuberculosis 


1 From the Tennessee Department of Public Health, Nashville, Tennessee. This in- 
vestigation was made possible by the financial support of the International Health Division 
of Rockefeller Foundation. 
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patient—is evaluated. For correct interpretation of this material, rates by age 
group are essential and are presented. 

During the period from December 12, 1931 to January 1, 1941, 519 white and, 
111 colored persons with tuberculosis directed attention to their families.2 These 
persons are termed “index cases” in the Williamson County Tuberculosis Study 
(1). On discovery of the index case an investigation of the family was made and 
all members were urged to have an examination in the clinic. Through history, 
examinations and observation, nearly all cases of manifest tuberculosis are be- 
lieved to have been discovered in these household associates. 


COMPOSITION OF FAMILIES 


The composition of families varies according to the age of the person directing 
attention to the family. If the person with tuberculosis is a young married 
person, the family group usually includes a consort and young children. If the 


TABLE 1 
Relationship of white and colored household associates to the index cases 


WHITE COLORED 


Per cent Per cent 


100.0 100.0 


102 


44 
95 
69 


2 ,029 
119 
177 
906 139 
360 
242 
225 


person with tuberculosis is young and unmarried, the group includes siblings 
and parents. If the person is in an older age group, the married children have 
probably established homes of their own and the family group may be small. In 
all types of families, the household associates may include other persons related 
by blood and also some not related, as those related by marriage to some member 
of the family. The relationship of the associates to the index cases in white and 
colored families is given in table 1. 

Since the persons termed index cases in white families were, on the average, 
older than similar persons in colored families, the relationship of household associ- 
ates differed for white and colored families. While 906, or 44.7 per cent, of the 
2,029 household associates in white families were children, in colored families 


2 In previous publications (1,2, 3) this material was presented for the two groups of index 
eases (a) cases of tuberculosis classed sputum-positive and (b) cases of tuberculosis not 
known to have positive sputum. When a case changed from sputum-negative to sputum- 
positive it was added to the sputum-positive group. Since in this report it is desirable to 
discuss the entire group of associates without duplication, the original classification of the 
index case is used in the presentation of data regarding prevalence. 


RELATIONSHIP 
Number 
q 
: 13.2 
19.7 
26.9 
8.5 
18.4 
13.3 
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only 139, or 26.9 per cent, were children. The proportion of siblings was greater 
in colored families (19.7 per cent) than in white families (8.7 per cent). The 
number of colored consorts, marital partners of index cases, was small, 44. There 
were 360 consorts in the white families. These differences are principally due to 
the age of the person drawing attention to the family. 

A relatively small number of persons, 225 in white families and 69 in colored 
families, were not related by blood or marriage to the person with tuberculosis, 
the index case. Those who were related and were classed “other” include 
grandchildren, nephews and nieces, aunts and uncles, etc. 

In this investigation of the prevalence of tuberculosis according to relationship, 
it is necessary to consider age of the associates. Children in the families are 
usually young; consorts are older; and parents are, on the average, the oldest 
of these groups being studied. Therefore, the data are viewed by age groups in 
order to determine the nature of the differences. 


PREVALENCE OF MANIFEST TUBERCULOSIS IN WHITE AND COLORED FAMILIES 
ACCORDING TO THE AGE GROUP 


In a previous report (2), a comparison of the prevalence of tuberculosis in white 
and colored families was presented in relation to the character of the index case. 
The prevalence of manifest tuberculosis among associates of sputum-positive 
cases was found to be no greater at the time of investigation in colored than in 
white families. The prevalence of tuberculosis at any given time is the product 
of two factors, namely: (/) the incidence of the disease, that is, the number of 


new cases developing in the population, and (2) the duration of the case with 
tuberculosis, the period from onset to death of the patient. The course of the 
disease is more rapid in colored than in white persons. The duration of the dis- 
ease in colored persons is usually relatively short. Many white persons, however, 
are found to have a limited tuberculous process which often becomes arrested, 
and thus cases of tuberculosis accumulate in the white population. In the 
colored population many of the cases are eliminated rapidly from the population 
by death; in the white population a smaller proportion terminate in death from 
the disease. 

This accumulation of cases in the white population is reflected in the prevalence 
of manifest tuberculosis by age groups (table 2). In the oldest age group under 
study, 56 of the 600 household associates were found to have manifest tubercu- 
losis. The percentage, 9.3, is unusually high. In the young adult age group, 
15 to 34 years, only 2.0 per cent had manifest tuberculosis at the time of investiga- 
tion of the family. In children under 15 years of age, manifest tuberculosis 
was rarely found, with but 3 of the 794 children with manifest tuberculosis on 
investigation. This great variation in the prevalence of tuberculosis in white 
associates necessitates consideration of age in the study of other factors. 

In the colored household associates there was only a slight variation in the 
prevalence of manifest tuberculosis by age groups. In all three age groups con- 
sidered, manifest tuberculosis was found rather frequently. The 7 children 
with manifest disease were twins at 2 months of age, one each at 9, 10 and 13 


: 

e 

1, 

e 

] 

] 

5 

ig 


TABLE 2 


Prevalence of manifest tuberculosis at the time of investigation in white and colored household 
associates according to character of index case by age group 


TOTAL INDEX CASE SPUTUM- INDEX CASE OTHER THAN 
POSITIVE SPUTUM-POSITIVE 


AGE GROUP Manifest Manifest Manifest 
Tuberculosis tuberculosis Total tuberculosis 


Number|Per cent Number|Per cent Number|Per cent 


White 


517 


215 68 
166 72 
136 51 


seuvum-eositive inoex V/A THAN SPUTUM - POSITIVE 


INDEX CA 


WHITE COLORED 


PERCENTAGE 


3.6 1.6 17.5 6.4 48 53 14 8.2 2.0 
UNDER 15 15-34 384+ OVER UNOER 15 15-34 35+0VER 
AGE GROUP AGE GROUP 
Cuarr 1. Percentage of white and colored household associates found to have manifest 
tuberculosis at the time of investigation according to character of index case by age group. 
92 


| 8.0 | 1,577) 36 | 2.3 
Under 15 years..............| 794 3 0.4 | 154 3 1.9 640} 0 _ 
15-34 years..................| 635) 13 | 2.0 | 138 5 3.6 497, 8 1.6 
35 years and over............| 600) 56 | 9.3 | 160 | 28 | 17.5 440; 28 | 6.4 
Colored 
4.1 | 326 19 5.8 191; 2 1.0 
1 1.4 
35 years and over............ 1 2.0 
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years, and 2 at 14 years of age. Even if there is a period in childhood when 
children have some immunity to tuberculosis, these figures suggest that the period 
is short. Examination of colored household associates in all three age groups 
seems to be productive. 

Data are also given in table 2 to show the prevalence of manifest tuberculosis 
according to known household exposure. These percentages for white and 
colored household associates are shown in chart 1. In all three age groups 
manifest tuberculosis was found more frequently in persons exposed to open 
cases of the disease than in those exposed to cases not known to be sputum- 
positive. Both factors, age and household exposure to tubercle bacilli, are im- 
portant variables. 


PREVALENCE OF MANIFEST TUBERCULOSIS ACCORDING TO RELATIONSHIP 


In the comparison of prevalence of tuberculosis according to relationship to the 
index case, difference in the ages of children, siblings, parents, etc. causes diffi- 
culties. Since no persons appear in certain age groups (for example no parents 
nor consorts under 15 years of age) an adjustment for age is unsatisfactory. 
It will, therefore, be necessary to compare the prevalence of tuberculosis accord- 
ing to relationship by age group. The findings in white families will be con- 
sidered first. 

White household associates under 15 years of age consisted principally of 
children of the person directing attention to the family. Nearly two-thirds 
(525) of the associates were children. Of these 525 children, 3 were found to 
have manifest tuberculosis on investigation of the family. No other cases of 
persons under 15 years of age were found on investigation. 

In the next ten-year age group, 15 to 24 years, of the 415 associates, 264, or 
63.6 per cent, were children. Six, or 2.3 per cent, of these children had manifest 
tubereulosis. The onsets in 3 of these occurred after onsets in the parents. In 
the other 3, however, the same year of onset was given for both parent and child, 
so that the sequence could not be determined. The classifications of these cases 
were as follows: one minimal, 2 moderately advanced with positive sputum, one 
far advaneed with positive sputum and 2 minimal arrested. None of the remain- 
ing 151 associates in this age group had manifest tuberculosis. 

The relationship of the household associates in the next ten-year age group, 
25 to 34 years, differed from that of the younger associates. Only 76 of the 220 
associates 25 to 34 years of age were children. Two, or 2.6 per cent, of these 
children of index cases had manifest tuberculosis. Seventy-one consorts were 
included in this age group and 3 of these had the disease. There were 2 other 
cases found on investigation, one of a sibling and one of a brother-in-law of an 
index case. Unfortunately, the numbers of cases and associates in these groups 
were too small for conclusions. 

For household associates 35 years of age and over, the data are presented 
according to relationship in table 3. 

Of the 600 associates in this age group, nearly one-half, 276, were consorts. 
Of the eonsorts, 19, or 6.9 per cent, were found to have manifest tuberculosis at 
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the time of investigation. Ten, or 8.8 per cent, of the 114 other persons not re- 
lated by blood had manifest tuberculosis. The other group with over 100 
individuals was the group of parents. Of the 110 parents, 19, or 17.3 per cent, 
were found to have manifest tuberculosis. When the data in table 2 are com- 
bined by relationship, 27, or 12.9 per cent, of the 210 associates related by blood 
and 29, or 7.4 per cent, of the 390 not related are found to have had manifest 
tuberculosis. The difference between 12.9 and 7.4 per cent is of such an order 
that some significance can be attached. 

In order to understand this difference, further study of the data is necessary. 
On subdivision according to sputum status it is seen that parents were frequently 
found to have the disease in both groups. The sputum status of the persons 
directing attention to the family appeared to have no relation to the prevalence 
of manifest tuberculosis in parents. Cases of tuberculosis accumulate in the 


TABLE 3 


Prevalence of manifest tuberculosis at the time of investigation in white household associates 
35 years of age and over by relationship and character of index case 


TOTAL INDEX CASE SPUTUM- INDEX CASE OTHER THAN 
POSITIVE SPUTUM-POSITIVE 


Manifest Manifest Manifest 
tuberculosis tuberculosis tuberculosis 


Number|Per cent Number'Per cent NumberjPer cent 


56 160 17.5 


19 39 
5 é 13 
1 16 

19 53 
2 6 

10 33 


white population. Some of the parents developed the disease many years before 
and had a chronic form of the disease. Since the index case is the one directing 
attention to the family, it is evident that the tuberculosis in the parent was 
unknown to the Study until the examination was made. The onset of 11 of the 
19 cases in the parents antedated that in the child directing attention to the 
family. Five cases in parents appeared to have developed subsequently to the 
onset in child. In the other 3, the sequence could not be determined, since the 
dates were not known. Of these 19 cases in parents, extensive as well as limited 
lesions were discovered; 6 were moderately advanced or far advanced, active, 
4 were minimal, active, 3 moderately advanced, arrested and 6 were minimal, 
arrested. These results show that the examination of parents of cases is an 
excellent method of discovery of cases. They should be examined irrespective 
of the sputum status of the case in the child. They may be the source of the 
disease in the household or they may have acquired the disease subsequently to 
that in the child. 


| |-__________ 
RELATIONSHIP 

7 | 17.9 71 12 | 16.9 
2 | 15.4 29 3 } 10.3 
1 6.2 25 0 
11 | 20.8 | 223 8 3.6 
17 1 16.7 1l 1 9.1 
Cre 6 18.2 81 4 4.9 
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The study of the results in consorts of index cases according to sputum status 
reveals a different situation. Eleven, or 20.8 per cent, of the consorts of sputum- 
positive index cases had manifest tuberculosis while only 8, or 3.6 per cent, of 
the consorts of index cases other than sputum-positive had the disease. This 
difference indicates that the sputum status of the index case is probably related 
to the prevalence of manifest disease in consorts. Of the 11 cases in consorts 
of sputum-positive index cases, only 4 were said to have tuberculosis prior to 
onset of the disease in the marital partner, who was the index case; 4 were known 
to have a subsequent onset, one gave an onset during the same year as his marital 
partner, and in 2 the sequence was not given. Only 2 of the 8 cases in consorts 
of other than sputum-positive index cases gave onsets subsequent to that of the 
marital partner. Four of the cases in consorts were moderately advanced or far 
advanced, 3 were minimal, active, 2 moderately advanced, arrested and 10, or 
over one-half, minimal, arrested. Of the cases in consorts, the proportion with 
extensive lesions was slightly smaller than the corresponding proportion in 
parents. Of those in sputum-positive contact, only one of the 11 cases had a 
moderately advanced lesion, 3 had minimal and 7 arrested lesions. Although 
the numbers are small, with this subdivision it appears likely that the sputum 
status of the marital partner has some significance in the development of the 
disease. 

From these findings two points can be made. Examination of household 
associates of index cases leads to the discovery of many cases in those related 
by blood to the index case. Cases with onsets many years prior to the onset of 
the index case as well as new subsequent cases are discovered. In those who are 
not related by blood, manifest tuberculosis is found, but it is found more fre- 
quently when there is known exposure to sputum-positive tuberculosis. 

Since the prevalence rates in colored families for the three age groups did not 
differ significantly, the data for study of the findings according to relationship 
have been combined and are presented in table 4. 

Twenty-one of the colored household associates were found to have manifest 
tuberculosis. In all but 2 the process was considered active at the time of investi- 
gation. These 2 were parents, age 57 and 65 years, with minimal arrested 
tuberculosis. Of the remaining cases, 5 were manifest childhood type, 8 were 
minimal, active, 3 were moderately advanced and 3 far advanced, active. Al- 
though a slight variation is seen in the percentages for those related and not re- 
lated by blood, this may have no significance. Further data are needed for study 
of the significance of relationship to the index case in the colored population. 

The prevalence of tuberculosis in consorts, siblings and parents of persons 15 
years of age and over with reinfection type tuberculosis has recently been studied 
by Kallmann and Reisner (4). Cases of tuberculosis in their series of data, 
chiefly from white families, were also found more frequently in parents, siblings 
and co-twins than in consorts (table 5). The percentage of monozygotic co- 
twins (61.5 per cent) with reinfection tuberculosis was very high and is definitely 
suggestive that the genetic constitution is an important factor in the development 
of tuberculosis. 
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Recent analyses from Williamson County Tuberculosis Study also have shown 
the significance of familial susceptibility in the development of tuberculosis (5). 
As a result of this work, the extension of case-finding efforts to all living parents, 
siblings and children of persons known to have tuberculosis, irrespective of 
present household, has been recommended. 


TABLE 4 


Prevalence of manifest tuberculosis at the time of investigation in colored household associates 
by relationship and character of index case 


TOTAL INDEX CASE SPUTUM- INDEX CASE OTHER THAN 
POSITIVE SPUTUM-POSITIVE 


RELATIONSHIP Manifest Manifest ~ Manifest 
tuberculosis tuberculosis Total tuberculosis 


Number|Per cent Number|Per cent Number|Per cent 


19 . 191 2 1.0 


5.3 
2.9 


Cases of tuberculosis in relatives of twin index cases in New York State* 


TOTAL 
NUMBER 


Half-siblings 
Full-siblings 
Dizygotic co-twins 
Monozygotic co-twins 


* Data from Kallmann and Reisner. 


ATTACK RATES DURING OBSERVATION ACCORDING TO AGE GROUP 


Since prevalence rates may be high due to the accumulation of cases over a 
period of time, incidence rates—attack rates during observation—are preferable 
for an exact study of the development of tuberculosis. As these families have 
been followed for periods varying from a few months to over nine years, new cases 
of tuberculosis have occurred during the period of observation. The modified 
life table method described by Frost (6) used in previous analyses of the William- 
son County data has been used in calculating the person-years of life experience. 
The years of experience of associates in these white and colored families and the 
number of new manifest cases which have developed during this period of 
observation are given in table 6. 


21 4.1 | 326 
6 8.8 49 5 10.2 19 1 | 
Eee 5 4.9 67 4 6.0 | 35 1 
1 32.3 25 1 4.0 19 
95 2 2.1 53 2 3.8 42 0 
09 | 1 1.4 36 1 2.8 33 0 
TABLE 5 
CASES 
Number Per cent 
720 136 18.9 
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Thirty-five new cases of manifest tuberculosis were recorded in white associ- 
ates who were followed for 9,486.75 person-years. The attack rate for these 
associates was 3.7 per 1,000. The rate of 0.9 per 1,000 in childhood (under 15 
years) was very low, indicating that white children may have some immunity 
to manifest tuberculosis. Children in this age period, with the exception of the 
very young, usually have latent lesions of first infection type. Manifest disease 
rarely develops. In young adult life, 15 to 34 years of age, the attack rate of 6.9 
per 1,000 was very high. In the third age group considered here, the attack 
rate of 3.2 per 1,000 was lower than in young adult life. These attack rates 


TABLE 6 


New cases of tuberculosis and attacks rates per 1,000 for white and colored household associates 
during the period of observation by age group and character of index case 


INDEX CASE OTHER THAN 
SPUTUM-POSITIVE 


INDEX CASE SPUTUM- 


TOTAL POSITIVE 


Person-years 
of life 


experience 


Person-years 
of life 


experience 


New cases 


Rate 
Num- 
per 
ber | 1,000 


Person-years 
experience 


New cases 


Rate 
per 
1,000 


White 


9,486.75 


-| 3,209.25 
3,199.00 


2,364.75 


627.25 
842.50 


895.00 


7,122.00 


2,582.00 
2 ,356 . 50 


2,183.50 


3,078.50 | 


Colored 


2,066.75 1,315.75 751.00 
275.50 


265.75 


434.75 
508.75 


710.25 
774.50 


582.00 372.25 209.75 


indicate that, in white families with a case of tuberculosis, young adults develop 
the disease more frequently than do children or adults 35 years of age and over. 

The attack rates are also given in table 6 according to character of index case. 
The rate for white associates of sputum-positive index cases of 7.6 per 1,000 was 
over three times the rate of 2.4 for associates of other than sputum-positive index 
cases. In the former group the attack rate (16.6 per 1,000) was very high for 
young adults 15 to 34 years of age. In this age group household exposure to 
sputum-positive tuberculosis seems to have been responsible for a high attack 
rate. For the associates of other than sputum-positive index cases the rate 
for young adults 15 to 34 years of age was practically the same as the rate for 
those 35 years and over. In the age group 35 years of age and over, the attack 
rate for those exposed to sputum-positive index cases did not differ significantly 
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from the rate for those exposed to other than sputum-positive index cases. A 
few cases developed in this age period in both groups. There is no doubt that by 
this period of life all persons have been exposed to tubercle bacilli at some time 
but only certain ones develop the disease. 

The attack rate for colored household associates of 15.5 per 1,000 was exceed- 
ingly high. The risk of developing tuberculosis in a colored family with a-spu- 
tum-positive index case was very great—20.5 per 1,000 or 2 per cent per year. 


sputum -eositive invex case oTHER THAN SPUTUM- PosiTy 


«INDEX CASE 


WHITE COLORED 


RATE PER 1,000 


: 


3.2 04 16.6 3.4 2.2 3.7 253 26 5x7 7.8 21.5 9.5 
UNOER 15 18-34 35+ OVER UNDER 15 15-34 354 OVER 
AGE GROUP AGE GROUP 


Cuart 2. Attack rates per 1,000 of white and colored household associates during the 
period of observation by age group and character of index case. 


Among these associates, persons of all ages developed tuberculosis with high 
attack rates in all three age groups. There did not seem to be any immunity to 
attack apparent in these colored persons in any age period. Ina previous section 
the prevalence rates were shown to vary only slightly in these three age groups. 
Thus, considering both prevalence and incidence data, colored persons in all 
three age groups are at risk of developing tuberculosis; no immunity in any age 
period appeared to prevent the development of manifest tuberculosis. 

These attack rates for the three age groups are shown in chart 2 for white and 
colored household associates according to character of index case. The great 
risk in young adult life 15 to 34 years of age in white associates of sputum-positive 
index cases and in colored associates of sputum-positive index cases in all age 
groups is evident. 
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ATTACK RATES IN ASSOCIATES DURING OBSERVATION ACCORDING TO RELATIONSHIP 


Because of the variation in attack rates in white families by age groups, it is 
necessary to analyze the data according to relationship in these age groups. 
Since only 3 cases developed in the experience under 15 years of age, subdivision 
of this experience according to relationship will not be presented. For the other 
two age groups the attack rates will be given for consideration of the significance 
of the two factors—relationship and household exposure to tubercle bacilli. 

The 3 cases which developed in persons under 15 years of age were in children 
of the index cases. The attack rate in these children who contributed two-thirds 
of the experience under 15 years of age (2,138.00 person-years) was 1.4 per 1,000. 
In the remaining 891.25 person-years of experience in this age group, no new 
cases developed. 


TABLE 7 
New cases of tuberculosis and attack rates per 1,000 of white household associates 15 to 84 years 
of age during the period of observation, according to relationship and 
character of index case 


INDEX CASE SPUTUM- INDEX CASE OTHER THAN 
POSITIVE SPUTUM-POSITIVE 


RELATIONSHIP New cases 
of life of life 


. of life N Rate 
experience per experience — per experience | 
er | 1,000 


14 2 ,356 .50 


3,199.00 


20.50 
261.50 
1,974.00 
256.75 
312.50 
373.75 


Sess 
RSRSESS 


For the next age group, 15 to 34 years, the data are presented in table 7. 
one-half of this experience (1,974.00 person-years) was of children. One-half 
of the experience of children was of children 15 to 19 years of age and three- 
fourths of children of the 15 to 24 year age group, leaving only one-fourth of the 
experience of children in the ten-year group 25 to 34 years. Many of the chil- 
dren, therefore, were in the early part of this period and had not passed through 
the period when attack rates are high. 

Since the experience in the other groups of persons according to relationship 
is limited, interpretation of the data is difficult. Grouping of the experience, 
however, will be of value. For those not related by blood (consort and no 
relation) there were 630.50 person-years of experience; 2 new cases developed, 
giving an attack rate of 3.2 per 1,000 per year. As both of these cases were 
minimal and became arrested during the period of observation the disease could 
not be termed serious. For those related, there were 2,568.50 years of experience 
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and 20 new cases; the attack rate was 7.8 per 1,000. Seven of these cases were 
moderately advanced when manifest disease was discovered, 3 were far advanced 
with 2 dying in a short period of time from tuberculosis and one was minimal on 
discovery, but became moderately advanced later during observation. Of the 
remaining 9 who were minimal, active on discovery, 5 became minimal, arrested 
during observation and 4 were minimal, active at last observation. Thus, serious 
tuberculosis developed during the period of observation in these persons related 
to the index case. Although this experience is limited the results suggest that 
there is a difference between the attack rates for those related and not related 
and in addition serious tuberculosis appeared to develop among the related per- 
sons. Further data are necessary regarding these points. 

The age of exposure to tuberculosis has been thought by some to be 
an important factor in the development of tuberculosis. Many of the children 
in this series necessarily had been exposed in childhood. Of the 11 children 
who developed the disease under observation, contact was reported to exist prior 
to 10 years of age for 8, one had contact at age 12, and 2 in adult life at 18 and 
31 years of age. Of the 7 siblings who developed the disease, 3 reported contact 
under 10, and 4 gave contact in adult life at 23, 23, 28 and 30 years of age. One 
of the 2 others related by blood reported contact at birth and one at 21 years of 
age. Thus in all, 7 of the 20 cases, or 35 per cent, were not known to have had 
contact in childhood. Of the two consorts, neither one reported contact until 
adult life. Although the age of exposure may be a factor responsible for the 
development of the disease in related persons, not all these related persons are 
known to have had such exposure. Further material would be required to evalu- 
ate the effect of age of exposure among those related by blood. 

In the next age group, 35 years and over, nearly two-thirds of the experience 
was of persons not related by blood to the index case—the consorts and those 
classed “‘none.”” Ten new cases developed in 3,078.50 person-years of experience 
(table 8). 

Only 2 of these cases were advanced, one in a consort and one in a sibling. 
The other 8 cases were minimal in extent and, of these, 6 became arrested during 
observation. Thus, the tuberculosis developing in persons 35 years of age and 
over who were associates of index cases was not serious in comparison with that 
in the younger age group. Only one of these, a consort, reported contact in 
childhood. Four cases developed in those related by blood in 1,086.50 person- 
years of life experience and 6 in those not related by blood in 1,992.00 years of 
experience. The attack rates of 3.7 for the first group and 3.0 in the second did 
not differ significantly. 

Since the attack rates were high in all three age groups for colored associates, 
the data have been combined for study according to relationship (table 9). 

The consorts as well as those related by blood had high attack rates in the 
colored group. Three of the 5 consorts died from tuberculosis during observa- 
tion, one was far advanced and the other minimal at last observation. In the 
related persons, also, the course of the disease was unfavorable. 

From the evidence of prevalence of tuberculosis and from these incidence 
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rates in colored households, related and nonrelated persons are susceptible to 
tuberculosis. Data by age indicated that there was no apparent resistance in 
exposed persons in the three age groups. The lack of resistance and failure of 


TABLE 8 
New cases of tuberculosis and attack rates per 1,000 of white household associates $5 years and 
over during the period of observation according to relationship and 
character of index case 


INDEX CASE SPUTUM- INDEX CASE OTHER THAN 
POSITIVE SPUTUM-POSITIVE 


RELATIONSHIP New cases 
Person- 
of life 


of life N Rate of life 
experience pe experience um- 


per experience 
ber | 1,000 


3,078.50 ‘ 895.00 2.2 | 2,183.50 


521.50 192.00 329.50 
224.50 73.00 151.50 
273.75 105.75 168.00 
1,432.75 317.50 1,115.25 
66.75 ‘ 25.25 41.50 
559.25 181.50 377.75 


TABLE 9 


New cases of tuberculosis and attack rates per 1,000 of colored household associates during the 
period of observation according to relationship and character of index case 


INDEX CASE SPUTUM- INDEX CASE OTHER THAN 
POSITIVE SPUTUM-POSITIVE 


RELATIONSHIP 
Person-years Person-years | | Person-years 
of life of life of life 
experience experience experience 


2 066.75 -5 | 1,315.75 751.00 


342.00 ‘ 82.50 
177.00 ‘ 82.50 


colored persons to show immunity to the disease may be largely responsible for 
the high tuberculosis death rate in the colored race. 


SUMMARY 


1. The data collected in the Williamson County Tuberculosis Study for the 
household associates of persons known to have tuberculosis arc analyzed to show 
prevalence and incidence rates according to age and relationship. This analysis 
includes the records of the associates of 519 white and 111 colored index cases. 
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2. The prevalence rates for white associates increased from a low rate in 
individuals in the age group under 15 years to a high rate for those 35 years and 
over. The rates for the colored associates did not show this same distribution; 
relatively high rates were found in all three age groups. 

3. The prevalence rates in white associates 35 years of age and over varied ac- 
cording to relationship to the index case and type of household exposure. While 
27, or 12.9 per cent, of the 210 associates related by blood had manifest tubercu- 
losis, only 29, or 7.4 per cent, of the 390 not related had the disease. Many 
factors may be operating to cause this difference in prevalence rates. The data 
are sufficient for emphasis on the examination of related persons irrespective of 
the amount of known exposure. 

4. During the period of observation the attack rates for white associates were 
low in childhood and high in young adult life. For colored associates this varia- 
tion was not seen; high attack rates were present in all three age groups. No 
apparent immunity to tuberculosis was noted for colored persons in any age 
group; in white persons, however, some immunity in childhood and in older 
adult life may be responsible for their failure to develop tuberculosis with house- 
hold exposure to the disease. 

5. For the age group 15 to 34 years, the attack rate for white household asso- 
ciates related by blood was 7.8 per 1,000 and for those not related 3.2 per 1,000. 
Although the experience is limited, this difference in attack rates in addition to the 
evidence from prevalence rates indicates that those related by blood to the index 
ease appear to develop tuberculosis more frequently than those not related. 


SUMARIO 


1. A fin de obtener los coeficientes de frecuencia e incidencia conforme a edad 
y parentesco, analiz4ronse los datos colectados en un estudio de tuberculosis en 
el condado de Williamson en los allegados convivientes de personas que se sabia 
tenian tuberculosis. Este andlisis comprende los protocolos-de los allegados de 
519 casos fichados en blancos y 111 en personas de color. 

2. Los coeficientes de frecuencia para los allegados blancos han aumentado 
de una cifra baja en los individuos del grupo de menos de 15 afios de edad, a una 
cifra alta en el de 35 afios o mds. Los coeficientes en los allegados de color no 
revelaron la misma distribucién, encontrandose cifras relativamente altas en los 
tres grupos etarios. 

3. Los coeficientes de frecuencia en los allegados blancos de 35 afios o mas de 
edad, variaron conforme al parentesco con el caso fichado y el tipo de la exposi- 
cién casera. Aunque 27 (12.9%) de los 210 convivientes que eran parientes 
sanguineos, mostraron tuberculosis manifiesta, s6lo 29 (7.4%) de los 390 no em- 
parentados la mostraron. Pueden intervenir muchos factores en esta diferencia 
en los coeficientes, mas los datos disponibles justifican el hacer hincapié en el 
examen de las personas emparentadas, haciendo caso omiso de la intensidad de la 
exposicién conocida. 

4. Durante el periodo de observacién, los coeficientes de ataque en los allega- 
dos blancos fueron bajos en la infancia y altos en la juventud. En los de color 
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no se observ6 tal variacién, habiendo coeficientes altos en los tres grupos etarios. 
No se not6 ninguna inmunidad aparente a la tuberculosis en la gente de color a 
ninguna edad, pero en los blancos, la existencia de alguna inmunidad en la in- 
fancia y en la vida adulta m4s avanzada puede explicar por que no manifiestan 
tuberculosis tras la exposicién a la enfermedad en el hogar. 

5. En el grupo etario de 15 a 34 aiios, el coeficiente de ataque en los allegados 
convivientes blancos con parentesco consanguineo fué de 7.8% por 1,000, y para 
los no empareatados de 3.2 por 1,000. Aunque la observacién es limitada, esta 
diferencia en los coeficientes de ataque, unida a los datos derivados de los coefi- 
cientes de frecuencia, indica que los parientes consanguineos del caso fichado 
parecen manifestar tuberculsosis mds frecuentemente que los no emparentados. 


Acknowledgement is made of the valuable suggestions of Dr. J. A. Doull. 
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TUBERCULOSIS AMONG MONTANA INDIANS! 
J. R. McGIBONY anp A. W. DAHLSTROM 


Indians living within the state of Montana are, for the most part, of the 
Plains Tribes which migrated westward with the encroachment of the whites 
into their customary habitat. The impact of the westward march of whites 
into areas to which the Indian had been forced is depicted in accompanying 
graph 1. The Indians are settled on lands set aside for the purpose by various 
treaties consummated in the middle and late nineteenth century. These 
treaties in many instances established the responsibility of the Federal Govern- 
ment for limited medical care. Prior to, and for some years after, the formation 
of the Department of the Interior in 1849, medical services to Indians were 
available only occasionally through the courtesy of Army post surgeons, as 
the administration of Indian affairs was a military function. 

During the early years tuberculosis was recognized as a serious problem but 
funds and facilities were lacking to cope with the situation. 

In subsequent years small general hospitals have been erected at the Black- 
feet, Crow, Fort Belknap and Tongue River Agencies; while new hospitals 
are needed at Flathead and Fort Peck. However, none of these is planned to 
treat tuberculosis cases, hence such patients must necessarily be cared for 
elsewhere when beds are available. Consequently, little has been accomplished 
in hospitalizing tuberculous Indians, although considerable field work has 
been done. The state of Montana maintains a 260-bed sanatorium, usually 
overfilled, from which Indians have been excluded. 

Indians constitute 2.7 per cent of the 555,185 total population of the state. 
There are relatively more children under the age of 20 among Indians than 
among whites because of a higher birth rate and a higher proportion of native 
born population. Because of economic status the general health problems are 
out of proportion to the ratio of population and tuberculosis is of major import. 
Indians reside principally in Glacier, Big Horn, Blaine, Roosevelt, Valley, Lake, 
Sanders, Choteau and Rosebud counties, on seven reservations, totaling 6,399,492 


1943 
Population Post Office Address 


Blackfeet Agency, Browning 

Crow Agency, Montana 

Flathead Agency, Dixon 

Ft. Belknap Agency, Harlem 

Ft. Peck Agency, Poplar 

Rocky Boy’s Agency, Rocky Boy 
Rongue River Agency, Lame Deer 


1From the Health Division, Office of Indian Affairs, U. S. Department of In- 
terior, Chicago, Lllinois. 
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acres. 
Tribe 
Assiniboine-Gros Ventre........... 1,666 
Sioux-Assiniboine.................. 2,860 
Northern Cheyenne................ ~1,689 
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The Indian population of Montana is increasing rather rapidly. Recently 
available complete figures reveal a birth rate of 33.9 and a death rate of 15.9 
per thousand population in 1943. So, health and economic problems tend to 
increase,unless active remedial measures are successful. In 1934 the Indian 


1870 1880 1890 1900 1910 1920 1930 1940 


400,000 


Indian Rural Whites 
Grapu 1. Montana population, rural whites and Indians 


population was 13,410; in 1943 it was 16,219, of which approximately 70 per 
cent were of more than one-half Indian blood. 

A fairly large number of Indians have left the reservations to enter the military 
forces and to engage in war work. Fort Peck Agency had the largest percentage 
of enlistments of almost any group of young men in the country. Late figures 
are not available, but, of the first 72 Montana Indians examined for Selective 
Service, 26 per cent were rejected; none for tuberculosis, however (1). Indians 
remaining on the reservations have, of course, a correspondingly higher per- 
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centage of dependent children, old people and handicapped persons, so that, 
while increased income from absent workers and allotments to soldiers’ families 
have been of considerable economic aid, the relative need has been higher since 
the war. 

General incidence of disease will be the subject of another paper but it can 
be stated that it is comparable to other rural peoples of a like economic status. 
Differences in per centile distribution of deaths from all causes among the various 
age groups are shown in table 1, since they directly influence the incidence of 
tuberculosis. The differences in death rates from all causes, calculated from 


TABLE 1 
Montana Indian deaths (all causes by sex and age) 
1934-1943 


— a DEATHS PER 1000 POPULATION PER CENT OF ALL DEATHS 


Total Male Female Total Male Female Total Male Female 


100 47.1 


Totals 155.0 | 137.5 
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Unknown 0.8 0.2 0.6 0.05 0.03 


Source: Indian Office census rolls and vital statistics. 


this table, among Indians and the white Montana population, which is pre- 
dominantly rural, are shown in graph 2. Other than tuberculosis, diseases 
(particularly pneumonia) which contribute to a distressingly high infant mor- 
tality rate are of major importance. 

Next to tuberculosis itself, the contributing factor of paramount importance 
to the high disease incidence among Indians is that of general economics. The 
rural slums in which many of them live are fully as conducive to high morbidity 
and mortality as the slums of the eastern urban areas. Sanitary facilities, 
proper excreta and sewage disposal, adequate and safe water supplies are lacking 
more often than not. 

Housing is likewise a factor of major import, many of the large families 
(average 5 persons) occupy one or two rooms of small size, poorly constructed, 
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not insulated and badly ventilated, in a climate subject to a variation of tem- 
perature from 50 degrees below to 110 above zero. 

Income, principally from livestock and agricultural sources, varies from an 
annual (1942) average per family of $1,473 at Crow Agency to $711 at Rocky 
Boy’s, with a median of $980 per family for all Indians of Montana, or approxi- 
mately $190 per person. 
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Grapu 2. Montana deaths from all causes. Rates per 1,000 population among whites 
(1939-1941) and enrolled resident Montana Indians (1934-1943) by age groups. 


While there has been a move toward individual and tribal betterment in the 
past few years, Indian society, including most of those of mixed blood, does 
not inculcate in the youth the habits of accumulation, of prudent forethought 
for the morrow or of thrift and continuous application. Instead, it teaches the 
young that magnanimity and generosity are the most desirable individual 
traits, that sharing is a social duty, that, conversely, thrift is akin to a vice. 
The nomadic hunting economy of the Indian produced a pattern of seasonal 
effort which persists to this day, giving rise to work habits which handicap the 
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Service in its efforts to weave the Indian into the fabric of an intensely acquisitive 
society. 

Add to these traits the strong personal democratic dignity of the individual 
Indian, a dignity which is continuously offended by the peremptory commands 
of a society which accepts the whip of economic pressure as a necessary incentive, 
season these ingredients with eighty years of bitter historical resentment, and 


‘1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 
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Ghites Indians 
Grapu 3. Deaths from tuberculosis, all forms. Mortality rates per 100,000 population, 
whites and resident Montana Indians. 


the result is a personality which does not fit into the poncenh-ciagy acquisitive 
industrial society. 

It is regrettable that selfless magnanimity, generosity, broad charity, fear- 
lessness, tolerance and a highly developed sense of personal dignity should be 
the characteristics which impede the individual possessing them in a society 
professing to be Christian, but it is a fact that these Indian traits handicap the 
possessor almost as much as the Indian habit of intermittent instead of con- 


tinuous effort. 
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Education of Indians in Montana is largely through facilities of local public 
school districts, attended by whites and Indians, hence the educational level 
is theoretically that of rural whites. However, in light of language difficulties 
and cultural characteristics, with a native inherent reticence, the Indian is 
somewhat handicapped, as the school authorities have been unable to adjust 
curricula or make provisions for adaptation of teaching facilities to a problem 
in mental hygiene. 

From the foregoing, one can visualize the difficulties faced by an organization 
attempting to inculcate an enhanced hygienic standard foreign to the historic 
concept of the race. Such standard was in fact possibly unnecessary to the 
mode of life enjoyed before the advent of the white man, who brought his 
trinkets, “‘fire-water,” guns and, unwittingly, perhaps the most devastating 
death dealing factor ever confronting the Indian—the tuberculosis germ. 


RACIAL IMMUNITY 


Factors influencing the incidence of tuberculosis and the course of the disease 
among Indians are, as in all racial groups, many and varied. Economics, 
previously mentioned, is of extreme importance. Because of the high incidence, 
credence was long given to the theory that Indians as a race were unusually 
susceptible to tuberculosis. Extensive study has failed to substantiate this 
view for Indians in general at this time, and there is no reason to suspect that 
the Montana group would be otherwise. Burns (2) in Minnesota, Long and 
Hetherington (3) in Arizona, Korns (4) in New York, and others have noted 
in the present generation no marked differences in clinical types or X-ray appear- 
ance of tuberculosis among Indians from those found in whites; and resistance 
to the disease compared favorably with that of white persons. 

Natural or racial immunity to tuberculosis has long been a controversial 
question. However, it is generally accepted at present that resistance to the 
disease by Indians is less than that shown by whites, but more than that possessed 
by the Negro race, when judged by the standards of morbidity and mortality 
rates and the X-ray appearance of lesions. 

It can be assumed that no people have a racial characteristic which makes 
them peculiarly susceptible to the disease because of genotypic traits. Lack 
of exposure of any group, regardless of race, produces an extremely high incidence 
of tuberculosis which runs a moré acute course when first introduced. After 
prolonged exposure, native immunity is manifest, with survival of stock resistant 
to the disease, and with a concomitant decline in the amount of clinical tuber- 
culosis and the approach of saturation point of tuberculinization. With this 
there is noted a relative increase in pulmonary forms and an accentuation of 
chronicity. 

This has happened among Montana Indians since the introduction of the 
disease by the whites, as revealed in the accompanying graphs and tables, 
which show reduced mortality rates and relatively smaller incidence of extrapul- 
monary forms. 
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Those of a higher degree of Indian blood have a much higher tuberculosis 
death rate than the others (see graph 4). Those of one-half and more of Indian 
blood furnished 76.9 per cent of the population and 94.9 per cent of the deaths 
due to tuberculosis. To give the ten-year (1934-1943) average annual rate 
of 403 deaths per 100,000 population, those of more than one-half Indian blood 
had a rate of 539.4 deaths per 100,000; while those with less than one-half 
Indian blood had a rate of only 85.3 deaths per 100,000 population. Thus, 


POPULATION DEATHS, ALL CAUSES DEATHS, TUBERCULOSIS 


51.9% 53.0% 51.4% 


All Degrees Of 
Indian Blood 


49.1% 47.0% 48.7% 


Over 


One-Half Blood And 


29.1% | 5.2% 
| 15.0% | ] 2.6% 
MALES 14.1% | | 2.6% 


Less Than 


One-Half Blood 


Grapu 4. Percentage distribution of population, deaths from all causes, and deaths from 
tuberculosis among enrolled resident Montana Indians, by sex and degree of blood, 1934- 
1943. 


the rate for those of higher degree of Indian blood is approximately sixteen 
times that of the white population and the rate for those with less Indian blood 
is only two and one-half times that of whites (see table 6). 

The pulmonary forms of tuberculosis in these ten years constituted 80.7 
per cent of the total cases among Indians; with 2 per cent involving bones and 
joints; the remaining 17.3 per cent are general miliary, meningeal or other 
extrapulmonary forms. These latter forms contribute in large measure to 
the tuberculosis deaths found in the infant and preschool groups. Thosehaving 
more than one-half Indian blood showed an extrapulmonary rate more than 


SEXES 70 19% 88.9% 94 9° 
MALES 34.0% 42.6% 46.1% 
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four times that found among Indians with less than one-half Indian blood. 
The trend is toward a relative decrease in these forms. 

The incidence of deaths from tuberculosis varied rather widely among the 
seven Indian groups in Montana (see graph 5). The highest rate was found 
at Tongue River, with 807.7 deaths, and the lowest at Rocky Boy’s Agency, 
with 229.7 deaths per 100,000 population. The annual average for all Montana 
Indians was 403 deaths per 100,000 population. The Northern Cheyenne 
Indians of the Tongue River Reservation have had sufficient exposure to develop 


RESERVATIONS POPULATION DEATHS DEATHS 
_ALL CAUSES __TUBERCULOSIS 


BLACKFEET 22.6% 27.% 


16.9% 


14.7% 


ROCKY BOYS 4.4% | 4.5% 


Grapu 5. Percentage distribution of population, deaths from all causes, and deaths from 
tuberculosis among enrolled resident Montana Indians, 1934-1943, by reservation. 


much tuberculosis but have had less opportunity and inclination to adopt 
white standards of living. They are the only group that furnishes a considerably 
higher proportion of tuberculosis deaths than would be expected from the popu- 
lation ratio. Tongue River, with 10 per cent of the Indian population, had 21.1 
per cent of the tuberculosis deaths from 1934 through 1943. Fort Belknap, 
with a comparable population ratio, but more closely associated with white 
society and standards and a higher per capita income, furnished only 8.2 per 
cent of the deaths from tuberculosis during this same period (see tables 4 and 
5). 
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TABLE 2 
Montana Indian mortality from tuberculosis (1984-1943) 


ANNUAL AVERAGE NUMBER ANNUAL AVERAGE TUBERCULOSIS 
TUBERCULOSIS DEATHS DEATHS PER 100,000 POPULATION LOSIS LOSIS IN 
DEATHS DEATHS 
BY AGE FROM ALL 
Total Male Female Total Male Female GROUPS CAUSES 


= 


29.1 403.0 398.7 . 100 20.4 


Totals 59.8 
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469.3 
593.3 
383.2 
273.4 
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Source: Indian Office census rolls and vital statistics. 


TABLE 3 
White mortality from tuberculosis by age and sex in Montana 1939-1941 


AVERAGE ANNUAL TUBERCULOSIS TUBERCULOSIS DEATHS PER PER CENT 
DEATHS 1939-1942 100,000 POPULATION TUBERCU- 

LosISs 

DEATHS 


Total Male Female Total Male Female 
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Sources: ‘‘Tuberculosis in the,U. S.,’’ Vol. 1, 1943, National Tuberculosis Association; 
U. 8. Bureau Census. 


AGE AND SEX 


The distribution of tuberculosis deaths by age groups among Montana Indians 
follows the generally accepted pattern except that the percentages are very 
high (22.6 per cent) in the infant and preschool groups (ages 0 to 5 years). 
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This is a reflection of the lower standards of living and the exposure to open 
cases of tuberculosis within the home. Over 25 per cent of the deaths occur 
in groups between the ages of 15 and 24 years. A relative increase is again 
noted after the age of 55 years. It is felt that the prevalence of disease in these 
older groups has a direct bearing on the high rates among children under the 
age of 5 years (see graph 6 and table 2). 

Among the age groups of the white population of Montana the percentage 
distribution of tuberculosis deaths is quite different. But 1.5 per cent of the 
deaths occur among those less than 5 years of age. Over 70 per cent of the 
deaths occur among those 45 years of age and over (see graph 6 and table 3). 

The influence of sex on tuberculosis mortality is not marked among Montana 
Indians. There is a slight predominance of deaths among males until the age 


TABLE 4 


Annual average tuberculosis mortality per 100,000 enrolled, resident Montana Indians; 
annual average tuberculosis deaths: by reservations, sexes, 1934-1943, inclusive 


ALL FORT 
RESER- TONGUE | BLACK-/| FORT FLAT- BELK- crow 


VATIONS RIVER FEET PECK HEAD NAP 


Annual average number _tuber- 

Annual average deaths per 100,000 
population 


Male deaths 


Female deaths 6. 


of 19. From the age of 20 through 44, deaths are more common among females, 
and after the age of 45 the males again contribute a slight excess. Tuberculosis 
takes a heavy toll from all age groups of both sexes. 

In sharp contrast, a similar comparison of the distribution of tuberculosis 
deaths among whites in Montana reveals a marked increase of deaths among 
males, and especially among those 35 years of age and over. This is a reflection 
on the effect of occupation, chiefly mining. The distribution of the deaths 
among white females has no outstanding characteristics. 

A study of the place of death shows that, although there was a dearth of 
available facilities for the treatment of tuberculosis among Indians in Montana, 
32.9 per cent of all deaths from this disease occurred in either hospitals or sana- 
toria. This is taken to indicate that the Indians as such are not adverse to 
accepting medical care if suitable facilities are available. There were, however, 
401 deaths that occurred in the home during this ten-year period. When 
this fact is considered in the light of low family economy, overcrowding in poor 
homes and under substandard conditions, such a large number of deaths in 
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TABLE 5 


Percentage distribution of population; deaths from all causes; deaths from tuberculosis; 
by reservations, sex and degree of Indian blood, enrolled resident Montana Indians, 
1984-1943 


POPULATION DEATHS, ALL CAUSES DEATHS, TUBERCULOSIS 


Male | Female} Total | Male | Female| Total | Male | Female 


All Reservations 51.9 | 49.1 {100.0 | 53.0 | 47.0 |100.0 | 51.4 | 48.7 


4 blood and over -9 | 36.9 | 34.0 | 88.9 | 46.3 | 42.6 : -8 | 46.1 
Less 4 blood -1 | 15.0 | 14.1 | 11.1] 4.4 2.6 


Tongue River 5.4] 5.1 8.6 
4 blood and over 6) 4.4 8.4 
8} 0.7 0.2 
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Flathead 
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the home contributes largely to the spread of tuberculosis among all Indians 
and accounts for the high mortality rates among the infant and preschool 
groups (see table 7). 

Deaths from pulmonary forms of tuberculosis in the home are numerically 
and relatively higher than for other forms of this disease. There were 333 
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2.5% 
CJ Whites Indians 


Graps 6. Percentage distribution of deaths from tuberculosis among Montana whites 
(1939-1941) and enrolled resident Indians (1934-1943) by sex and age. 


TABLE 6 


Montana Indian deaths from tuberculosis by form, sex, and degree of blood 
(Annual average 1934-1943) 


wen.ane ANNUAL AVERAGE NUMBER TUBERCULOSIS DEATHS PER 
1 3 | TUBERCULOSIS DEATHS 1934-1943 100,000 POPULATION 


Total Bone All Total All 
Pul- Pul- 
all monary and other all monary other 


forms joint | forms | forms 


59.8 | 48.3 -1 | 10.4 |403.0 |825.5 


All Indians 5.8 |410.0 |326.0 
Female 4.6 |395.1 |325.1 


9.6 -4 1437.5 


4 blood and over | Male : . .4 1441.2 


64.6 


Under $ blood Male . .3 | 62.9 
Female F -4 | 66.4 
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deaths (68.9 per cent) in the home during this ten-year period from pulmonary 
tuberculosis. 

Those with one-half Indian blood and more, who died of tuberculosis at home, 
are both relatively and numerically more numerous than those of less than one- 
half Indian blood. The pulmonary form maintains its prominence among 
those with a higher degree of Indian blood (see table 6). 


TABLE 7 
Deaths from tuberculosis among enrolled resident Montana Indians—Total deaths from 


tuberculosis; deaths in hospitals or sanatoria—by form, sex, and degree of Indian 
blood. All reservations, 1984-1948 


ALL INDIANS a we AND | UNDER ONE-HALF BLOOD 


~—¥ Total 
tuber- tuber- ota tuber- 

culosis culosis tuber- | culosis 
deaths hospital deaths hospital = — hospital 


in in 
hospital hospital hospital 


37 14 


7 
7 


12 


wo 


29. 
32. 
45. 
42.9 
50.0 
40. 
44. 
34. 


oo 


48.0 
34.8 


Sex does not seem to play any outstanding rdle in relation to place of death 
from this disease. It is found that 203 (66.1 per cent) males and 198 (68.1 
per cent) females died of tuberculosis in the home. 


INCIDENCE 


It is not possible at this time to state definitely the case-load of tuberculosis 
among the Indians of Montana. It is estimated that about one-third of all 
the Indian population has been given X-ray examinations for tuberculosis. 
On some reservations well over 50 per cent of the population have been so 
examined, but a considerable amount of X-ray examination of the general 
Indian population still remains to be done. 


Total 
tuber- 
culosis 
deaths 
Total all forms..............| 598 | 197 | 32.9 | 561 | 183 | 32.6 37.8 
Males...................| 307 | 104 | 33.9 | 298 | 97 | 33.1] 23 | 30.4 
ee 93 | 31.9 | 268 86 | 32.1] 14 50.0 
Pulmonary................| 483 | 150 | 31.1 | 455 | 188 | 30.3 28 Mm | 42.9 
237 | 70 | 29.5] 14 5 | 35.7 
5 Ee 75 218 68 | 31.2); 14 7 | 50.0 
, Bone and joint............| ll 5 10 5 | 50.0 1 — 0.0 
q 7 3 6 3 | 50.0 1 0.0 
: Other forms...............] 104 42 96 40 | 41.7 8 2 | 25.0 
26 50 24 | 8 2 | 25.0 
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X-ray examination of over 50 per cent (1,847 persons) of the Blackfeet popu- 
lation, in 1937, revealed 58 cases of active tuberculosis, or an incidence of 3.14 
per cent of those examined. This is consistent with similar surveys of other 
Plains groups (Pine Ridge, South Dakota), where X-ray examination of 6,325 
or 79.1 per cent of the population revealed 3.59 per cent to have active tuber- 
culosis. By applying the above percentages to the 1943 Montana Indian 
population (16,219), one should expect to find approximately 550 cases of 
significant active tuberculosis among the Indians in the state. Assuming this 
figure to be correct, the ratio of cases to average annual deaths is approximately 
9 to one. To achieve a minimum standard of two beds for each annual death 
there should be at least 120 Indians under treatment at all times. At present, 
seldom more than 60 beds are available for the treatment of Montana Indians 
at any one time, and then at the expense of facilities in other states which are 
needed for local cases. 

Applying this ratio of 9 cases for each annual death among the white popula- 
tion, it is noted that the 173 annual deaths would indicate about 1,500 cases 
of active tuberculosis, or approximately 0.3 per cent of the total population, a 
case rate one-twelfth of that among Indians. 

For a number of years it has been a standing order in Indian Service hospitals 
that each patient admitted be given an X-ray examination of the chest. Since 
the rate of hospitalization of Indians is almost three times that of the general 
population, this gives an excellent opportunity for case-finding. Also, school 
children are examined at least once annually, and numerous well attended out- 


patient clinics are held. Because of these and other factors, it is believed that 
a larger proportion of cases of tuberculosis are discovered and reported than 
among white groups. Card records are maintained of all cases and, where a 
sufficient medical staff is available, on family groups in contact with the disease. 


TUBERCULIN TESTING 


Extensive tuberculin testing has been performed in the Indian Service over 
many years. However, in the principal phases of case-finding with which we 
have been primarily concerned, it has been learned through experience that 
the incidence of reactors is so very high, at least among the susceptible age 
groups, that it has not been considered advisable to spend much time or effort 
in generally using the procedure. The reactors rapidly approach 100 per cent 
after the age of 20. The earliest figures for Montana in which tuberculin testing 
by age groups was shown were reported by Crouch (5) in 1931, in which only 


those of school age were listed as follows: 
Whites in Adjacent Communities 
Tuberculin 
Per Cent Tested Positive Per Cent 


1,410 318 
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Totals................ 2,048 1,244 60.9 a 22.5 
Blackfeet............. 585 300 56.1 53 52.0 
0 SS Seer 263 57.5 503 86 17.1 
ul Ft. Belknap.......... 358 205 59.2 328 58 17.7 

Rocky Boy’s.......... 81 49 60.4 1 1 

6 193 61.4 465 116 24.9 

Tongue River......... 298 234 78.5 11 4 36.4 
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Indians Whites in Adjacent Communities 


Age Tuberculin Tuberculin 
Groups Tested Positive Per Cent Tested Positive Per Cent 


5-9 791 423 53.4 440 83 18.9 
10-14 965 621 64.3 632 147 23.3 
15-19 274 204 74.5 325 84 25.8 


The only other figures giving age groups were prepared by Hamernik (6) 
in 1941, of the tuberculin reactions among school children in the vicinity of 
the Crow Reservation: 


Crow Indians Whiies in Crow Arca 


Age Tuberculin Tuberculin 
Gromps Tested Positive Per Cent Tested Positive Per Cent 


Total 446 188 42.1 43 4.7 


5-9 233 72 30.9 13 
10-14 175 93 53.1 17 
15-19 38 23 60.5 13 


Tuberculin testing in the Indian Service, when performed as a routine measure 
in case-finding by agency physicians and public health nurses, is done by the 
patch test or by the intracutaneous injection of a solution of PPD, using 0.000,02 
mg. as the first dose since severe reactions occasionally occur. Those who 
do not react to the first dose after an interval of forty-eight hours are given 
0.005 mg. It has been noted that, since tuberculin testing, particularly among 
school groups, offers an excellent opportunity for health education, the patch 
test appears to be preferable and its results fully as reliable and accurate. 

Higher sensitivity to tuberculin in Indians has been shown in previous studies, 
particularly by Aronson (7). 

Because of the lack of adequate administrative, nursing and clerical personnel, 
much of the information on Indian health has not been tabulated in correlated 
form. This paper is the first in a series designed to make such facts available 
in order that an analytical and more efficient approach toward solution of the 
problems may be undertaken. 

During the war, with large numbers of physicians, nurses and others away 
from the Service, it may not appear promising that rapid corrective measures 
will be instituted. However, plans have been and are being made to establish 
effective procedures for curbing the menace of tuberculosis and other conditions 
detrimental to Indians and to whites in the same communities. The Montana 
Tuberculosis Association has exhibited a keen interest in the problem and much 
credit is due them for bringing it to the attention of the public. Likewise, the 
State Board of Health, State Medical Association, Federation of Women’s 
Clubs and other organizations and individuals have assisted materially. 

Goals in regard to tuberculosis, which would assist in promoting al! health 
and related problems, include: 

1. Adequate and competent personnel to examine and treat all Indians, in 
coéperation with local health authorities, and to secure and maintain proper 
knowledge of health conditions. This would include, at least, a part-time 


3.1 
4.1 
10.5 
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director of tuberculosis activities and a sufficient field staff to execute the 
program. 

2. Provision of adequate sanatorium facilities, either state or federal. It 
is estimated that a minimum of 100 to 150 beds for Indians would be satisfactory 
as a beginning. 

3. A sustained program of health education would be a necessary concomitant 
of any tuberculosis campaign. This would be directed not only at the Indian 
but at the whites as well to encourage all to accept a community, county and 
state responsibility for common problems. 

4. A program designed to elevate the general economic level and living stand- 
ards of the Indian must be the codrdinated effort of all divisions of the Service 
and State authorities, and so planned, with sympathetic and proper under- 
standing of Indian personality traits, as to assist him in every way to shoulder 
some of the responsibilities of development. 


SUMMARY 


A ten-year (1934-1943) study of the 16,219 enrolled, resident Montana 
Indians on seven reservations under Federal supervision reveals that they con- 
stitute but 2.7 per cent of the total state population but present health problems 
out of proportion to the population ratio. The chief health problem is tuber- 
culosis. Approximately 70 per cent of the Indians are one-half or more Indian 
blood and 95 per cent of deaths from tuberculosis occur in this blood group. 
Indian income is low ($150 per person in 1942), housing is poor and crowded, 
sanitary facilities are lacking or inadequate. Pulmonary tuberculosis pre- 
dominates (80.7 per cent). Over 22 per cent of deaths from tuberculosis occur 
among those under 5 years of age, and an additional 25 per cent occur among 
those between 15 and 24 years of age. Males contribute a slight excess over 
females except in the child-bearing age groups. Death rates are higher on 
reservations with low income and lower rates are found on reservations with 
better income and higher living standards. Approximately two-thirds of all 
cases die within the home. Racial susceptibility, per se, has not been noted. 
On the contrary, it is believed that this racial group, without previous exposure 
to tuberculosis, since their forced migration to present habitat and the impact 
of white population over a period of years, has been sufficiently exposed to the 
disease so that now native immunity has become manifest with survival of 
resistant stock. Consequently, there have been a recent decline in the amount 
of clinical tuberculosis, an approach to saturation of tuberculinization, a relative 
increase in the pulmonary forms, and an accentuation of chronicity in the 
disease. About one-third of the Indian population has been given chest X-ray 
examinations. An estimated 550 cases of clinically significant active tuber- 
culosis need institutional care. Practically no facilities are available for this 
purpose in Montana. At least 100 to 150 additional beds are needed immedi- 
ately in the state to reach an acceptable minimum for this group. Adequate 
and competent health personnel is urgently needed to examine and treat these 
Indians. A sustained program of health education is a necessary concomitant 
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to the tuberculosis control program. A program designed to elevate the general 
economic level and living standards of the Indians by the coérdinated efforts 
of the Federal and state authorities and others interested is essential. All 
efforts must be planned with a sympathetic and proper understanding of Indian 
personality traits to assist him in every way to shoulder some of the responsi- 
bilities of development. 


SUMARIO 


Un estudio decenal (1934-1943) de los 16,219 indios matriculados y residentes 
en 7 “reservas” del estado de Montana, bajo vigilancia Federal, revela que 
sédlo constituyen 2.7% de la poblacién total del estado, pero plantean problemas 
sanitarios que no guardan relacién con la proporcién que representan de la pobla- 
cién. El principal problema higiénico es la tuberculosis. Approximadamente 
70% de esos indios poseen 50% o mas de sangre india y 95% de la mortalidad 
debida a la tuberculosis recae en ese grupo sanguineo. Los ingresos econédmicos 
de los indios son bajos ($150 por persona en 1942), las viviendas son malas y 
estén hacinadas, y las instalaciones sanitarias o faltan o son inadecuadas. La 
tuberculosis pulmonar predomina (80.7%). Mas de 22% de la mortalidad 
debida a tuberculosis sobreviene entre las personas menores de 5 ajios y otro 
25% entre las de 15 y 24 afios. Los varones aportan un leve exceso sobre las 
mujeres salvo a la edad de la reproduccién. La mortalidad es mas alta en los 
sitios de bajos ingresos y m&s baja donde los ingresos son mayores y los habitos 
de vida mejores. Aproximadamente dos terceras partes de todos los enfermos 
mueren en su domicilio. No se ha notado susceptibilidad étnica per se. Pero 
al contrario opinase que este grupo étnico, sin previa exposicién a la tuberculosis 
dada su migracién forzada a su residencia actual y el contacto con la poblacién 
blanca durante un periodo de muchos afios, ya ha estado suficientemente expuesto 
a la dolencia, de manera que se ha establecido la inmunidad natural con sobre- 
vivencia de los resistentes. Por consiguiente ha tenido lugar recientemente una 
baja en la proporcién de tuberculosis clinica; aproximacién al punto de satu- 
racién de la tuberculizacién; un aumento relativo en las formas pulmonares; y 
acentuacién de la cronicidad de la enfermedad. Aproximadamente a la tercera 
parte de la poblacidén india se le han ejecutado radiografias tordcicas. Calctilase 
que 550 casos de tuberculosis activa clinicamente importante necesitan asistencia 
sanatorial, en tanto que apenas hay medios para esto en Montana. Por lo 
menos necesitanse 100 a 150 camas mas en el estado para obtener un minimo 
aceptable para dicho grupo. Necesitase con urgencia personal sanitario adecuado 
y competente para examinar y tratar a estos indios. Para la lucha antituber- 
culosa precisa una obra sostenida de educacién sanitaria, siendo también esencial 
un plan destinado a elevar el nivel econémico general y los habitos de vida de 
los indios mediante los esfuerzos coordinados de las autoridades Federales y 
estatales y de otros interesados. Hay que planear todos los esfuerzos con una 
comprensién apropiada de las caracteristicas de la personalidad del Indio a fin 
de ayudarlo en todos sentidos a que asuma algunas de las obligaciones com- 
prendidas en este programa. 
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IMMOBILIZATION OF BOTH LUNGS! 
The Treatment of Pulmonary Tuberculosis in an Equalizing Pressure Chamber 


ALVAN L. BARACH 


Cessation of voluntary respiration takes place in the living subject when 
an adequate flow of oxygen into the lungs and elimination of carbon-dioxide is 
provided. That proprioceptive reflexes from the lungs do not stimulate lung 
movement under these circumstances may be seen by the apnea resulting from 
hyperventilation with 100 per cent oxygen. During this time the individual 
remains comfortable, free from cyanosis, without the impulse to breathe and 
with a motionless chest. The chemical factors in breathing may thus take 
precedence over proprioceptive reflexes. The purpose of the present studies in 
the treatment of pulmonary tuberculosis has been to secure immobilization of 
both lungs with the maintenance of the normal pulmonary ventilation and an 
adequate gas exchange. 

The movement of the chest in ordinary breathing is such as to accomplish 
a transport of approximately 500 cc. of air in and out of the lungs eighteen times 
a minute. Under these circumstances the volume of the thorax is increased 500 
cc. at the end of inspiration. 

In 1926 a respirator was developed by Thunberg in which patients were en- 
closed within a chamber and exposed to an alternating pressure of one-sixth of an 
atmosphere twenty-five times a minute; this produced a movement of 500 cc. 
of air in and out of the lungs in the absence of voluntary respiration (1). The 
barospirator of Thunberg was designed as a method of artificial respiration for 
cases of respiratory paralysis due to poliomyelitis, morphine poisoning and 
similar entities that caused deficient respiration. In our studies with this type 
of apparatus in patients with pulmonary disease complete arrest of lung move- 
ment was not accomplished. When a smalk room was constructed in which an 
alternating pressure of 55 mm. Hg above and below the atmosphere was pro- 
duced twenty-five times a minute, observation of patients enclosed within it 
showed clearly that the chest wall was compressed during the initial phase of the 
positive pressure cycle and expanded during the negative pressure cycle. The 
degree of chest movement markedly increased in cases in which bronchial con- 
striction was present, such as bronchial asthma, pulmonary emphysema and 
pulmonary fibrosis. 

The resistance of the tracheobronchial passageway was found to account for 
the observed fact that a higher pressure was applied to the outer chest wall 
than to its inner surface. In experimental observations on dogs, the difference 
in pressure between the inner and outer surface of the chest wall was found to be 
between 4 and 5 cm. of water during a pressure change of one-sixth of an atmos- 
phere in a chamber (2). 


1 From the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Presbyterian Hospital, New York 32, New York. 
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The development of the equalizing pressure chamber had as its purpose the 
application of an equal pressure on the inner and outer surfaces of the chest wall 
at the same time. When the body of the patient was separated from the head 
by an appropriate partition, including a collar about the neck, the arrival of air 
pressure to the chest wall could be satisfactorily delayed and reduced in degree. 
Air under pressure was first directed to the head compartment and then to the 
body end of the chamber through a constricted opening, so that the pressure 
on the chest wall was approximately 5 cm. less than that present in the head end 
of the chamber. Since the resistance of the tracheobronchial tree consumes in 
the average case 5 cm. water pressure, an equal pressure was exerted on the inner 
and outer surface of the chest wall. Furthermore, since the wave of air pressure 
arrived at the head end and was then subjected to a delay, probably less than 
one-tenth of a second, the air pressure wave was applied to the chest wall and 
to the upper and lower surfaces of the diaphragm at the same instant. In this 
way a motionless chest was obtained in the living patient, together with an 
absence of all voluntary breathing and the provision of a normal gas exchange 
in the lungs (2). 

When animals were treated in this equalizing pressure chamber, after previous 
injection of asphyxial doses of nembutal, the arterial oxygen saturation was 
found to be maintained above 90 per cent with normal carbon-dioxide elimina- 
tion, whereas when alternating pressure alone was used, as in the Thunberg type 
of respirator, the saturation fell to between 50 and 70 per cent with carbon 
dioxide retention (2). 

In actual clinical trial of the Thunberg type of barospirator, not only was 
alternate compression and expansion of the chest present during the positive 
and negative cycles of pressure, but also the patient could not dispense entirely 
with voluntary respiration. At the end of a minute or two the impulse to inhale 
took place and caused a normal inspiration. Continuous arrest of normal 
breathing was, however, accomplished when patients were exposed to the equal- 
izing pressure chamber, in which the same alternating pressure wave of 110 mm. 
Hg was produced but a partition between the head and chest end of the chamber 
made possible a simultaneous arrival of an equal pressure on both surfaces of the 
chest wall; the arterial oxygen saturation and the carbon dioxide content were 
found to be normal, even in patients with advanced pulmonary tuberculosis, 
in the absence of all voluntary respiration. The ability to dispense with the 
recurrent impulse to breathe required training which was achieved in one patient 
in a period of forty-five minutes and in the majority of patients in three to four 
hours. One patient required two to three days. A recent patient under study 
at this time, in whom there is evidence of marked pulmonary fibrosis and em- 
physema, manifests alternating expansion and compression of the lungs and 
inability to give up all voluntary respiration. Of 10 patients who have been 
treated for four months, in some cases for several courses of four months each, 
arrest of lung movement has been obtained in all. 

Arrest of lung movement does not appear to create discernible changes in 
the circulation. Although inspiration is said to be effective in aiding the inflow 
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of blood into the right heart in ordinary breathing, the absence of inspiration 
results in no apparent change in venous pressure, pulse rate, arterial blood pres- 
sure or circulation time. The effect on the ear drum of the oscillating pressure 
is similar to swift ascent and descent from high altitudes. The sensation can be 
minimized by placing a sponge-rubber covering over the ears. The majority 
of patients after the first day or two prefer to dispense with the sponge-rubber 
covering and become oblivious to the sensation. However, wearing of the 
sponge-rubber ear covering is recommended in order to reduce the changing 
of the position of the drum to a minimum. 

The effect of equalizing pressure chamber therapy on the central nervous 
system was unexpected and of considerable interest. When voluntary respira- 
tion is abandoned, the impulse for movement of the voluntary muscles in the 
extremities or any part of the body is strikingly diminished. A man may lie in 
the chamber for periods as long as one to four hours without changing his posi- 
tion or moving his hands from side to side. Observation of these patients at 
ordinary bed-rest during periods when they are not in the chamber reveals the 
marked frequency of spontaneous movements in the voluntary musculature; 
they wish to read, listen to the radio or smoke, and can remain absolutely quiet 
for relatively short periods. However, as soon as they are placed in the equaliz- 
ing pressure chamber and undergo arrest of lung movement, the desire to move 
their hands or legs is either absent or very much less than when breathing nor- 
mally. Patients are able to forego the pleasure of smoking and to relax in the 
chamber in a way which is impossible when they are at ordinary bed-rest. Just 
what the mechanism is which explains the freedom from the necessity of the 
common and easily observable forms of movement of the voluntary musculature 
cannot be adequately discussed at this time. 

The provision of this type of local lung rest, in which movements of the lungs 
do not take place, or if they do occur are of minimal degree compared to the 
known excursions of voluntary breathing, favors the process of healing by re- 
ducing changes in the physical state of the tuberculous process; in addition, 
it has a specific effect on those cavities in which a check-valve action is present. 
The maintenance of cavity and its enlargement in some patients with pulmonary 
tuberculosis is dependent upon a constricted entrance to the cavity, a bronchus 
or bronchiole being of relatively small diameter compared to the volume of the 
cavity. Under these circumstances, an inspiration is followed by enlargement 
of the cavity with inflow of air into it; during expiration there is a delay in the 
exit of air from the cavity through the narrowed bronchus, with probable in- 
creased pressure on the walls of the cavity. 

In equalizing pressure chamber therapy the patient is instructed to stop 
breathing at the end of a normal expiration, but not a full expiration. In some 
patients a chest position midway between normal inspiration and normal expira- 
tion is most comfortable. The cavity is then not exposed to recurrent inspira- 
tory enlargement since during both positive and negative pressure phases the 
chest is motionless. This would obtain as long as the entrance to the cavity was 
not obstructed. In actual test of the method on patients with cavities of con- 
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siderable size, the disappearance of cavity has been explained by the hypothesis 
that immobilizing the lung prevented inspiratory enlargement of the cavity. 
(Other mechanisms may be present, as yet undetermined. 

Patients are generally treated in this chamber from 8:30 in the morning to 
4:30 at night, being removed for meals. A course of therapy in most instances 
consists of four months of this program. 

Although a room was originally used with a box inside the chamber, in which 
the head was free and the body of the patient enclosed to obtain equalizing 
pressure, a simplified apparatus is now employed in which the entire patient is in 
« chamber that looks like the ordinary respirator except that the head is enclosed 
us well (figures 1 and 2). 

The chamber employs atmospheric air and may be run on the ordinary type of 
alternating current. Provision for cooling the head end of the chamber is made 
in this apparatus, as in the previous one (3, 4).2 

In 1940 a preliminary report was made of 5 patients with advanced pulmonary 
tuberculosis who were treated by immobilization of the lungs (5). Patients were 
selected in whom no other type of treatment, including pneumothorax and thora- 
coplasty, was considered desirable. Furthermore, all patients had had previous 
treatment with bed-rest without significant improvement. The response of 4 
out of 5 patients justified the conclusion that immobilization of the lungs secured 
by residence in the equalizing pressure chamber aided the process of resolution in 
pulmonary tuberculosis. Four of the 5 patients showed a marked decrease in 
cough and expectoration, a fall in sedimentation rate and temperature to normal, 
a marked gain in weight and definite clearing of shadows in X-ray films, including 
the disappearance of the cavity and subjective improvement (6, 7). 

In this report the follow-up results in these patients and the course of new 
patients treated since then will be presented. In a total of 10 patients with 
advanced pulmonary tuberculosis favorable results have been obtained in 6, and 
little or temporary improvement in 4. In the 6 patients who have been listed 
as benefited, one showed a significant favorable response with negative sputum 
for two years but requires additional treatment. The remaining 5 patients were 
considered well enough to work; one was lost sight of two years ago. The other 
! are now known to be at work for varying periods of time. 

The only patient treated in this chamber who has been excluded from the 
present series is case 1 of the original report (6) who was in the equalizing pressure 
chamber for six hours daily for a two-month period. Although clinical improve- 


ment was shown, weight gain, decrease in cough and sputum, and clearing of 
mottled shadows below the cavities, no change in the actual size of the cavities 
resulted from this limited period of experimental trial of the method. The pa- 
tient was ultimately transferred to a city convalescent out-patient department 
and was lost sight of. The series, therefore, here presented includes all treated 
cases. The patient under treatment at this time was one in whom, for a period 


The apparatus is now made by Mr. John H. Emerson, Cambridge, Massachusetts. 
Certain simplifications in the design of the pressure system make this model easier to 
operate. 


j 
J 
5 


Fic. 1. (Upper) Equalizing pressure chamber. 
Fic. 2. (Lower) Equalizing pressure chamber with head compartment open. 
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of one month, immobilization of the lung had not been achieved because of the 
patient’s marked increase in pulmonary ventilation and the presence of pulmo- 
nary emphysema. After a period of five months’ oxygen treatment by nasal 
catheter, which was followed by a marked diminution in the volume of ventila- 
tion and increase in the breath-holding time from four to twenty seconds, the 
use of the equalizing pressure chamber was capable of producing a decrease in 
lung movement of approximately 75 to 85 per cent of that observed in ordinary 
pormal breathing. A trial of the procedure is being made in this patient with 
advanced pulmonary tuberculosis and a large cavity in his left lung. 


TABLE 1 


Results of treatment of advanced pulmonary tuberculosis by immobilization of both lungs in an 
equalizing pressure chamber 


MARKED IMPROVEMENT SLIGHT IMPROVEMENT 
WITHOUT COMPLETE WITH NO SIGNIFICANT 
ARREST OF DISEASE CHANGE IN COURSE 


FULL RECOVERY OR ARREST 


NUMBER OF PATIENTS 
NUMBER OF PATIE OF THE DISEASE 


10 f 4 


The case reports of the 10 patients will be given briefly as follows: 


CASE REPORTS 


Case 1: Man, age 38 years at the time of his original admission to the Presbyterian Hos- 
pital, May 6, 1938. This patient had clinical symptoms of pulmonary tuberculosis for a 
year prior to his admission to a municipal hospital, where he ran a low-grade temperature 


of 99 to 100°F. for two months. X-ray examination of the lungs showed a productive 
infiltration throughout both lungs, with dense infiltration and several small cavities in the 
upper half of the right lung, and many small cavities honeycombing the upper half of the 
left lung field. Examination of the larynx showed redness and edema of the epiglottis 
and the arytenoids. No change in the X-ray appearance was noted on bed-rest at this 
hospital; there was a weight gain of 4.5 pounds. 

Immobilizing lung treatment was followed by a gain of 35 pounds in four months, a 
decrease in sedimentation rate from 70 to 15 mm. in one hour, a normal appearing larynx, 
decided clearing of infiltration of both lung fields. Under convalescent care he developed 
a negative sputum four months later, which has persisted. In September, 1939, X-ray 
examination of the lungs showed no infiltrative 01 cavitary lesions but some peribronchial 
fibrosis. The patient has been working over four years, except for a period of three 
months’ bed-rest two years ago, when he manifested a recurrent infiltration in the right 
apex. This recurrence developed after a period of personal unhappiness during which 
he drank heavily and ate little. He recovered promptly on bed-rest, returned to work 
and has been clinically well since then to the present (October, 1944). 

The accompanying illustration (figure 3) shows the lesions on May 31, 1938 before one 
course of four months’ treatment and the follow-up film, December 3, 1941, over three 
vears later. This patient’s initial response to therapy was described in the original report 
(6) as case 2. 

Case 2: Man, age 31 years at the time of his original admission to Presbyterian Hospital. 


Clinical symptoms of pulmonary tuberculosis had been evident for nine months prior to 
admission to a municipal hospital where he ran a fever of 100 to 101°F. for two months 


| 


AT START OF TREATMENT 


AFTER 3% COURSE 


AT START OF Ld j 3% YEARS LATER 


BEFORE TREATMENT ; AFTER TREATMENT 

Fig. 3. (Top) Case l. X-ray films at start of treatment, May 31, 1938 and three and : 
quarter years after one course of four months’ therapy, December 3, 1941. 

Fic. 4. (Middle) Case 2. X-ray films at start of treatment, November 30, 1938, an: 
three and one sixth years later, January 20, 1942, after three courses of equalizing pressur: 
therapy. Subsequent films in 1944 show no cavity or infiltration. 

Fic. 5. (Bottom) Case 4. X-ray films before treatment, October 10, 1940, and afte: 
four months’ therapy, February 17, 1941. 
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during bed-rest. There was a weight gain of 2 pounds. X-ray films of the chest showed 
an oval cavity at the level of the right second interspace, measuring 2.5 cm. in a vertical 
direction and 1.5 em. transversely, with a smaller area of diminished density measuring 
1.4 em. in diameter just below it. On the left side, a cavity was present near the anterior 
chest wall at the level of the third rib which measured 2 cm. in diameter. There was 
another cavity above it measuring 1.7 by 1.2 cm. The upper three-fifths of the left lung 
showed dense shadows suggesting inflammatory exudate. 

Following two and a half months of equalizing pressure therapy the cavities on the right 
side disappeared, and also the cavity near the left anterior chest wall at the level of the 
third rib was not seen. The multilocular cavity was replaced by a small area measuring 
1.2 em. in diameter. There was a definite diminution in the shadows suggestive of in- 
flammatory exudate in both lungs. The patient gained 17 pounds, sedimentation rate 
decreased from 50 to 13 mm. in one hour, and the temperature became normal. After 
six months’ convalescent bed-rest he was readmitted for a second course of equalizing 
pressure treatment because the remaining cavity in the left lung had increased in size to 
24by3cm. At the end of two and a half months of treatment the X-ray pictures showed 
a marked decrease in the size of the cavity both in stereoscopic and planigraphic films. 
A shadow of 0.6 cm. in diameter represented the remainder of the cavity. 

The patient was originally admitted to Presbyterian Hospital on November 4, 1938. 
Following a second course of treatment he led a life of varied activity until November 14, 
1940 when he returned to the hospital for a third course. The cavity in the left lung field 
had again increased in size to 3.5 by 2.5 em. He was given a part-time position at the 
hospital as a technician and at the same time was treated for five hours a day in the equal- 
izing pressure chamber. (The length of the previous courses was twelve hours daily.) 
On January 2, 1941, the X-ray film still showed the cavity to be present, only slightly 
smaller. He was allowed to continue living in a room outside the hospital but came in 
for treatment ten hours a day from February 15 to May 14, 1941. During this time 
X-ray examination showed a collapse of the cavity to 0.8 by 0.6 em. Two months later 
the cavity had entirely disappeared. The accompanying illustration (figure 4) reveals 
the extensive lesions at the start of treatment, November 30, 1938, and their disappear- 
ance after three courses of equalizing pressure therapy, January 20, 1942. 

During this third course of immobilizing lung therapy, sputum became consistently 
negative, and expectoration and cough completely disappeared. There was no recurrence 
of expectoration or cough, but an apparent reappearance of the small cavity, 0.8 by 0.6 
em. in the left lung field in October, 1941. 

The patient was treated with inhalation of the nebulized spray of promin from October 
25 to December 11, 1941, when he was allowed to return to work. The promin was diluted 
50 per cent with tap water and nebulized by passing 5 liters of oxygen through the solution 
contained in a Vaponefrin nebulizer, the latter being held in the open mouth during quiet 
breathing. An average dose of 3 g. daily was inhaled, divided into four separate periods 
of administration. One month later X-ray examination revealed disappearance of the 
small apparently residual cavity. 

Promin administered by mouth was shown to be effective in retarding the development 
of pulmonary tuberculosis in guinea pigs by Feldman, Hinshaw and Moses (8). Inhala- 
tion of the nebulized spray of promin was found to be similarly effective in guinea pigs 
in our laboratory (9), and the method was therefore tried in a few patients in this series. 

Examination and culture of the contents of gastric lavage have been persistently nega- 
tive for tubercle bacilli. The patient has continued clinically well and has been working 
for approximately three years. 
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The response to the first course of equalizing pressure therapy and the initial result 
of the second course were described in the original report (6) under case 3. 


Case 3: Man, age 42 years at the time of his original admission to the Presbyterian Ho: 
pital. This patient had known tuberculosis for ten years, during which time he spent two 
to seven months at five different municipal hospitals. During the year prior to admission 
he had an acute exacerbation of symptoms with slight fever and loss of 14 pounds. Thi 
report of the X-ray examination was as follows: ‘“There is an end stage caseous pneumoni 
tuberculosis involving the left upper lobe with marked thickening of the overlying pleurs 
and retraction of the trachea toward this side. Areas of increased illumination are present 
in the infraclavicular region. There are areas of infiltration in the left mid-lung field 
Exudative productive infiltration in the upper one-half of the right lung with occasiona! 
nodular infiltration in the right base.”” The larynx showed granulations over the true 
cords. A diagnosis of tuberculosis of the larynx was made. 

After three months of treatment, thirteen hours a day, his weight increased from 133 
to 154 pounds, the sedimentation rate decreased from 56 to 6 mm. in one hour, the larynx 
became normal and X-ray examination showed definite regression of the pulmonary 
infiltration in both upper lung fields, more marked in the left lung. The sputum was 
negative and continued to be negative in concentrated specimens at a municipal tubercu 
losis institution during the following two months. Gastric lavage specimens were also 
negative and the report then stated that X-ray examination did not reveal the presence 
of any cavity on either side but there were suspicious highlights present. Three months 
after discharge from Presbyterian Hospital his sputum was positive on one examination 
and a partial left pneumothorax was instituted, maintained for about a year and termi- 
nated May 30, 1941. Since discontinuance of the pneumothorax, repeated examinations 
of the sputum and gastric contents were consistently negative for one year and the patient 

yas then discharged to obtain employment. X-ray examination showed thickening of 
the pleura over the left lung, fibrosis and some displacement of the heart and mediastinum 
into the left chest. No infiltrative lesions or cavities were visible in either lung field. 
He was well one and one-half years later but has been lost sight of for the past year and 
one-half. The immediate response to equalizing pressure therapy was described in the 
original report (6) as case 5. 


Case 4: Man, age 44 years. One year before admission to Presbyterian Hospital he 
experienced onset of cough with several large hemoptyses, gradual weight loss, weakness 
and night sweats. Five and one-half months previously when he entered a city hospital 
he weighed 127 pounds. Pneumothorax was tried four months previously and aban- 
doned. While at rest in bed his temperature fell from 102° to 99°F., he gained 30 pounds 
and his cough decreased. Examination of the lungs showed dulness, bronchovesicular 
breath sounds and many medium moist rales over the upper half of the left lung anteriorly 
and posteriorly. On X-ray examination a cavity, 3 by 4 cm., between the left first inter- 
space and the second rib was described with probably smaller cavities below. The exam- 
ination also disclosed dense exudative and productive infiltration on the left side and a 
scattered bronchogenic spread in the base. There was some improvement in the picture 
of the lesions by X-ray and a small decrease in the size of the cavity during the rest period 
at the city hospital over a five and one-half month period. However, at the time of his 
transfer from the city hospital to the Presbyterian Hospital, the cavity had increased in 
size, extending, according to planigrams, from the fourth to the twelfth centimeter levels, 
as measured from the X-ray table, the patient lying on his back. The sedimentation rate 
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was 42 mm. Thoracoplasty was not performed because of a mild febrile course, the 
presence of a slight lesion on the right side according to X-ray examination and the 
extent of tuberculosis on the left side. The cavity was large both in its transverse and 
‘ertical diameter and could be recognized by tubular breathing beneath the left clavicle. 

At the end of four months of treatment the sputum was negative for tubercle bacilli 

ind the temperature was flat. The sedimentation rate was 20 mm. in one hour. X-ray 
xamination of the chest showed a marked decrease in the infiltration of the left lung field 
«nd an apparent disappearance of the cavity on both planigraphic and stereoscopic X-ray 
films. At the site of the original cavity there was an area, about 1 cm. in diameter, of 
increased density which suggested fibrous tissue or a collapsed cavity. Planigraphic 
films of this region, however, showed nothing that could be interpreted as the wall of a 
cavity. The accompanying photograph (figure 5) reveals the X-ray appearance of the 
lungs before the first course of treatment, October 10, 1940, and after four months of 
equalizing pressure therapy, February 17, 1941. 

On return to the city hospital an initial sputum was positive but five later examinations 
of concentrated sputum were consistently negative. However, the cavity became defi- 
nitely visible on subsequent X-ray pictures and, five months later, the patient returned to 
Presbyterian Hospital in July, 1941. During the five-month period when he was at the 
municipal hospital, his weight had decreased from 158 to 146 pounds. The sedimentation 
rate was 20 mm. after the first course and on readmission was 77 mm. at the end of one 
hour. Stereoscopic films of the chest, which in the former admissions had shown a col- 
lapse and virtual disappearance of the large cavity in the left upper lobe, revealed on re- 
admission a large excavation, 5.3 cm. in diameter, containing a small amount of fluid, 
surrounded by a zone of infiltration 8 mm. in thickness in its outer portion and somewhat 
more in its inner portion. The amount of infiltration in the lung below the cavity had 
increased considerably, as compared with the film made at the end of his last admission. 
The planigrams confirmed the findings in the stereoscopic films. 

During the following six months he had four months of equalizing pressure treatment. 
lor three weeks of this period he inhaled the spray of 6 g. promin daily. This was stopped 
hecause of the development of an erythematous itching rash which cleared after a two- 
week period. In the accompanying photograph (figure 6) the cavity region on plani- 
graphic X-ray examination is shown before (July 12, 1941) and after (January 30, 1942) 
the second course of four months of immobilizing lung therapy. 

His weight increased to 181 pounds. The sedimentation rate decreased to 8 mm. in 
one hour. The sputum became consistently negative and during the last three months 
expectoration almost disappeared. Stereoscopic and planigraphic films showed a com- 
plete disappearance of the cavity. In the area where it was previously observed, there 
was seen a dense shadow 1.5 by 2 em., which suggested that the cavity had been filled 
with fibrous tissue. There was marked clearing of the infiltration below the cavity. 

During one period of two weeks the patient resided in the equalizing pressure chamber 
lor twenty hours a day. At the end of this time he developed pain and some discharge 
in both ears. No sponge-rubber covering for the ears was used at that time. X-ray 
examination of the mastoid was negative. Examination of the ears was essentially 
negative although some impairment of hearing was present. The patient was transferred 
to a municipal hospital for convalescent care. 

Examination of the sputum and gastric lavage specimens continued to be negative from 
January through June, 1942, and intermittently since then to the last examination (Sep- 
tember, 1944). For the past two years this patient has been at work part of the time and 
the rest of the time returned to city institutions, frequently after alcoholic excesses. The 
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Fic. 6. Case 4. Planigraphic X-ray films before second course, July 12, 1941, and afte: 
four months of equalizing pressure therapy, January 30, 1942. 
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last X-ray films (September, 1944) showed a suspicious highlight where the original cavity 
had been. His sputum has remained negative. He was discharged from a local hospital 
after aleoholic excess and is now seeking employment. He has no clinical symptoms of 
tuberculosis, but X-ray examination (April 6, 1944) indicates that an “apparent cavity 
is present at the site of the original large cavity.”’ The size of the area is 1 em. in diam- 
eter. There has been progressive decrease in the peribronchial shadows underneath the 
apparently closed, walled-off cavity (figure 7). 


Case 5: Man, age 40 at the time of admission to the Presbyterian Hospital. Eleven 
years before admission he had bronchopneumonia followed by pleurisy on the right side. 
He was sent to a sanatorium for nine months. Thoracocentesis yielded yellow fluid. 
One year before this admission the patient developed fever, weakness and weight loss. 
During the following eight months he was treated in two hospitals with bed-rest and two 
thoracocenteses on the left side, one, five and one, four months before this admission. 
Six months before he had several small hemoptyses. For eight months he had had lower 
abdominal pain. 

He was a thin, middle-aged man, appearing chronically ill. The entire left upper lobe 
was dull to flat with fine moist rales. The right upper lobe was dull with rales at the 
extreme apex. At the left base and in the lower axilla dulness and diminished breath 
sounds were heard. The sedimentation rate was 37 mm. in one hour. The sputum was 
positive for tubercle bacilli. X-ray examination of the chest showed mottled and streaky 
shadows in the upper portion of both lung fields. In the right upper lobe the shadows 
were dense with a radiolucent area of the lower margin. The base of the left lung was 
obscured by homogeneous shadows and a ribbon-like band of increased density could be 
seen along the lateral chest wali suggesting a pleural effusion. 

After a course of immobilizing pressure therapy for four months, X-ray examination 
showed clearing of fluid at the left lower lobe and considerable regression of shadows of 
the left upper lobe. A cavity with fluid level became distinct in the right upper lobe. 
The sedimentation rate was 7 mm. in one hour on discharge from the hospital, and his 
weight had increased from 112 to 128 pounds. Six months later his weight was 133 
pounds, there was some recurrence of fluid at the left base, with little or no change in the 
X-ray films. 

A second course of equalizing pressure therapy was given during a period of residence 
from March 4 to June 28, 1941. He was given intravenous promin 4 g. twice daily for 
one month but this had to be discontinued because of nausea, vomiting and a maculo- 
papular rash. The patient only received intermittent equalizing pressure therapy because 
of difficulty with the apparatus during this period as well as recurrent complaints such as 
sinus headache, persisting rash for three weeks and indigestion. Moderate regression 
of the lesions was manifest on X-ray examination, which continued after transfer to a 
sanatorium. The sputum was negative during one year at the sanatorium with progres- 
sive fibrosis of the tuberculous processes in both lungs. He has been working without 
symptoms as a hospital technician for almost two years. The accompanying illustration 
(figure 8) reveals the X-ray picture of the lungs before the first course of therapy, April 9, 
1940, and the change after the second course of therapy, July 10, 1941. 


Case 6: Man, age 47 years, a candy factory worker who was transferred from a municipal 
hospital for equalizing pressure chamber treatment. There was no family history of 
tuberculosis or known tuberculosis contacts. 

In 1931 the patient had pneumonia followed, a few weeks later, by right-sided pleurisy. 


BEFORE FIRST COURSE AFTER SECOND COURSE. 


Fic. 7. (Top) Case 4. X-ray film, April 6, 1944, three years after first course of equal- 
izing pressure therapy. This illustration may be compared to figures 5 and 6. 
Fic. 8. (Middle) Case 5. X-ray films before first course, April 9, 1940, and after second 
course, July 10, 1941. Subsequent X-ray films taken through 1944 reveal no change. 
Fig. 9. (Bottom) Case 9. X-ray films before first course, December 6, 1942, and after 
second course, July 7, 1943. Subsequent X-ray films taken one year later show no change. 
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A chest tap was performed at that time with removal of one liter of fluid. He went to 
Italy then and returned to the United States in 1940. During the summer of 1941 he 
began to lose weight, had feelings of malaise, night sweats, and developed chronic cough, 
sroductive of about a half cupful of yellowish white sputum, sometimes streaked with 
blood. He developed wheezes and pleurisy in the right chest in September and, on ad- 
inission to a municipal hospital the following month, the sputum was found to be positive 
for acid-fast organisms. He received pneumothorax and five refills before being trans- 
ferred to a second municipal hospital. On physical examination there, dulness was 
present over the right lung above T-6, and many fine rdles were heard. Fine rales were 
heard at the base of the left lung. X-ray examination of the chest revealed fibrotic and 
calcified infiltration at the right apex and a 2 em. cavity in the upper lobe as well as some 
collapse by pneumothorax below R-2. No air was present above the apex. The sputum 
was positive. The sedimentation rate was 46 mm. in one hour. 

Collapse was continued but the lesions progressed and thoracoplasty was not considered 
possible. Another cavity developed above the first one. Fever was continuous and 
ranged between 99 and 101.5°F. Extrapleural pneumothorax was not attempted. Pneu- 
mothorax was discontinued January 28, 1942. The patient was then transferred to the 
Presbyterian Hospital for immobilizing lung therapy. 

Examination revealed a poorly developed and poorly nourished man of 47, chronically 
and severely ill with marked evidence of weight loss and pale skin. The patient had fits 
of coughing productive of large amounts of yellowish white sputum. Fremitus was 
increased on the right side, especially in the upper half of the lung. Dulness was elicited 
posteriorly about T-4, 5 and 6, an area about 4 by 4cm., and anteriorly about 4 by 4 cm. about 
R-2 in the mid-clavicular line. There was bronchial almost cavernous breathing over areas 
of dulness. Coarse moist rales were heard over these areas, and finer numerous rales 
were heard throughout the rest of the chest. The right base was flat for about 3 cm. 
vertically. There was an area of hyperresonance in the axilla above this. Breath sounds 
were poorly heard in this area. The sounds at the left side were normal; there were a few 
rales at the base. 

The hemoglobin was 80 per cent; red blood cells, 4.62 million; white blood cells, 7,280. 
The sedimentation rate was 70 mm. in one hour. Many acid-fast organisms were found 
in unconcentrated sputum. Planigrams of the chest as well as conventional films demon- 
strated pneumothorax on the right side with a fluid level at the bottom of the pneumo- 
thorax cavity. There was not very much fluid. There were at least three large cavities 
in the upper half of the right lung field. There were also numerous calcium shadows 
along the mediastinal border and scattered throughout the right upper lung field. The 
cavities had rather thick walls and contained no fluid. The left lung field was clear. 

The patient was started on immobilizing lung therapy, the duration being gradually 
increased to twelve hours daily during the first week. Inhalation of the nebulized spray 
of promin was started three times daily, a total of 4 g. of the solution being given. At the 
end of one month persistent nausea developed and the promin was discontinued for two 
weeks. During this time the temperature which had previously varied from 99 to 101.5°F. 
decreased to 99 to 100°F., and he gained 10 pounds. 

X-ray examination of the lungs showed a definite decrease in the size of the lower two 
cavities in three months, but further improvement did not take place. After four months’ 
treatment he was returned to a municipal hospital, as unimproved. 


Case 7: The history of this patient was fully described previously as case 4 in the first 
report (6) and will therefore be very briefly summarized here. A colored man, aged 45 
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years, entered a municipal hospital after one year of symptoms of weakness, weight loss 
and cough. During three months at this institution his temperature gradually increased 
from 100 to 104.5°F. The tuberculous process had extended progressively throughout 
both lungs with the appearance of large bilateral cavities and wide-spread surrounding 
infiltration. He was treated in the immobilizing pressure chamber mainly to determin: 
the effect on fever, which decreased to a range of 100 to 101°F.; there was some regression 
of the lesions by X-ray at the end of one month. He subsequently developed a tubercu 
lous pneumonia, was treated in the oxygen chamber, returned home for several months: 
and finally entered a municipal hospital where he ultimately died. 


Case 8: Male, aged 19, of Italian descent. Present illness began with a cough four years 
prior to admission. The diagnosis was made three months after onset of symptoms whe 
X-ray examination showed a cavity in the right lung as well as a lesion on the left. Soon 
after, a pneumothorax was instituted on the right side and a pneumonolysis was per 
formed. Empyema developed in that side and a tube was inserted into the empyema: 
cavity for six months. A cavity then developed in the left lung, pneumothorax was 
instituted for six months and then abandoned. He was at home for part of the time 
thereafter and, for the year preceding admission to this hospital, was at a municipal tu- 
berculosis institution. No improvement took place on bed-rest. 

On admission to this hospital he was found to be a patient of moderately good nutri 
tion, almost afebrile; weight 160 pounds. Stereoscopic and planigraphic X-ray examina- 
tions of the chest showed an irregular infiltration involving the upper one-third to the 
upper half of both lung fields. Cavities, 2.5 em. in width, were noted in both infra 
clavicular regions. The sputum was positive for acid-fast organisms. 

After one month of immobilizing lung therapy, X-ray examination revealed a definite 
diminution in the size of the large cavity on the right side. However, at the end of four 
months no further improvement took place and a second course of four months’ therapy 
was instituted. At the end of this time there was a marked diminution in the size of the 
‘avity in the right lung, but on the left side there was evidence of an increase in the size 
of a cavity at the level of the second rib, from 1 to 1.5 em. in diameter. 

The patient was transferred to a municipal hospital where a thoracoplasty was per- 
formed on the left side, and the patient was later sent to another hospital; his general 
condition was fairly good. 

In this patient complete immobilization of the lungs was not continuously achieved. 
He persisted in a tendency to fall asleep in the chamber, during which time spontaneous 
voluntary respiration took place. In addition, the guage which represented the differen- 
tial pressure was out of order for a considerable period of time and unfortunately excessive 
pressure on the head end was maintained until a water manometer indicator was sub- 
stituted. Despite the decrease in the size of the cavity on the right side this patient is 
considered as not significantly improved. 


Case 9: Man, age 20 years. Two years and two months before admission to this hospital 
an X-ray examination at the draft board showed pulmonary tuberculosis and positive 
sputum was found. He had had a slight cough with fatigue and weight loss of 10 pounds 
previously. When he entered a city institution he was found to have fairly advanced 
disease. The X-ray film showed a mixed infiltration in the upper one-third of the right 
side with a 2 cm. cavity. The pleura was thickened and there was evidence of free fluid 
in the right axillary region. A right pneumothorax was attempted but was not success- 
ful. After one month the patient was transferred for immobilizing lung therapy. He 
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at first ran a fever up to 99.6°F. and expectorated about one-quarter of a cupful daily. 
Cough and expectoration almost entirely stopped after two weeks of treatment with a 10 
pound gain in weight. The patient was treated for four months at which time the cavity 
had disappeared. He returned to the city institution where recurrence of pleural fluid 
was found. About 300 cc. of slightly cloudy fluid was aspirated and was positive for 
acid-fast bacilli on direct smear. He was then readmitted to this hospital for a further 
course of treatment. At the end of four months there was still some fluid in the right 
pleural space but no evidence of cavity could be found. The accompanying illustration 
(figure 9) reveals the X-ray appearance of the lungs before the first course, December 6, 
1942, and after the second course of therapy, July 7, 1943. He was sent away for con- 
valescent care. After seven months he was discharged from a municipal sanatorium as 
being free from active disease. The sputum was consistently negative; there was no 
evidence of cavity; the fluid in the left pleural cavity was absent. For one month the 
patient was ambulatory at home and for the past six months he has been at work as a 
technician in the hospital part of the time and at home the rest of the day. 

This patient represents a less advanced type of disease than the other cases in this 
series. Two courses of therapy appeared to result in final and complete arrest of the 
tuberculous process with disappearance of the cavity and pleural fluid and ultimate return 
to work with somewhat restricted activity. 


Case 10: A woman, aged 27. Father died of pulmonary tuberculosis. Six years prior 
to present admission patient developed increasing fatigue and cough. Six months later 
an X-ray examination showed far advanced tuberculosis with two cavities in the right 
upper lobe and one larger cavity in the left upper lobe. After bed-rest pneumothorax 
was instituted, first on one side then on the other, followed by bed-rest for seven months. 
After three years of somewhat restricted activity the lungs were allowed to expand and 
the patient went back to work. Seven months before admission the patient had a small 
hemorrhage and X-ray examination then showed return of the cavity on the right side 
and shortly after on the left side also. A bilateral thoracoplasty was advised. From 
then on she was at bed-rest until transfer to the Presbyterian Hospital. 

Examination showed a well nourished young woman; crepitant rales over both upper 
lobes, anteriorly and posteriorly. X-ray examination showed a rather extensive fibrosis 
in both apices. There were two cavities, 5 cm. in width, in each upper lung field and 
several smaller thin-walled cavities on the right side. There was little reaction around 
them. The sputum consistently showed many acid-fast bacilli. 

After three and one-half months of immobilizing lung therapy the original large cavity 
in the left side was no longer visible, either in stereographic or planigraphic X-ray films. 
Three weeks later the patient was allowed to leave the city for one day, and subsequent 
planigraphic X-ray films suggested that the walls of the cavity had separated. Three 
weeks later a definite cavity on the left side was again observed. 

Immobilizing lung therapy was stopped for one month and during this time the pa- 
tient was allowed to leave the hospital for a three-week period. When she returned the 
cavities in both the right and left upper lobes were considerably larger. Immobilizing 
lung therapy was instituted for two and one-half months. 

During the first admission the patient ran a slight fever, 99 to 100°F., for the first month. 
Her temperature then became normal, the range being smaller, 98.6 to 99°F. Her weight 
remained constant at 131 pounds. X-ray examination showed disappearance of the 
cavity in the left lung after the first course of immobilizing lung therapy, with recurrence 
after premature activity. 
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A crushing of the phrenic nerve had been instituted on the left side of this patient 
before the second course in an attempt to determine whether a decreased movement of 
the diaphragm would decrease the time required for collapse of cavity which is obtained 
by immobilizing lung therapy. Since lung rest is provided the majority of the time during 
the day, gradual collapse of the cavity takes place as the result of day-time arrest of lung 
movement. It is to be expected that movement of the lungs in the latter part of the 
evening and at night to some extent retards the collapse of cavity which takes place 
during the day. The possibility presented itself that decreasing the diaphragmatic 
movement on that side might be of value not only during the course of immobilizing lung 
therapy, but when the treatment itself had ended. In this patient the fact that the 
cavity reopened after three years of pneumothorax and again after the first course of 
immobilizing lung therapy following short exposure to limited activity suggested that 
complete closure of the cavity with healing with fibrous tissue would be difficult to obtain. 
At the end of two months in the chamber the infiltration beneath the cavity on the left 
had slightly increased although the cavity was 30 per cent smaller. The second course of 
treatment was stopped, and the patient is soon to have bilateral thoracoplasty. 


DISCUSSION 


The results of the type of lung rest provided by immobilizing pressure therapy 
in advanced pulmonary tuberculosis suggest that this procedure has decisive 
therapeutic value not only in aiding the resolution of exudative lesions but in 
initiating the collapse of tuberculous cavities (table 1). All the patients in this 
series were considered to have had either too advanced disease or disease un- 
suitable for thoracoplasty; bilateral thoracoplasty had been advised in case 10. 

The first patient had one course of four months’ treatment, beginning May 6, 


1938. Marked clinical improvement took place with progressive clearing of 
advanced bilateral disease. His follow-up has shown consistently negative 
sputum tests. Except for a three-month period of bed-rest he has been well 
and working for about five years. 

The second patient had shown larger cavities in both lungs and received in all 
three courses of immobilizing lung therapy, in each of which a definite collapse of 
cavity took place finally with clearing of all infiltrative lesions, persistently nega- 
tive concentrated sputum and absence of expectoration and cough. He has 
been clinically well and at work for approximately three years. After the third 
course he was given six weeks of treatment with the nebulized spray of promin. 
Whether inhalation of promin spray had an effect in final contraction of the small 
residual cavity in the left lung cannot be decided. 

The third patient with bilateral advanced pulmonary tuberculosis had one 
course of four months’ treatment which was followed by clearing of infiltrative 
lesions in both lungs and a temporarily negative sputum. A partial left pneumo- 
thorax was maintained for about one year. Since it was discontinued repeated 
examinations of concentrated sputum were consistently negative for over one 
year. 

The fourth patient with advanced bilateral tuberculosis showed moderate 
improvement in each of two courses of immobilizing lung therapy and, after one 
subsequent year of convalescent care in a sanatorium, was discharged as arrested. 
He has been working and well for more than two years. 
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The fifth patient had a large cavity in the left lung which collapsed in the first 
course of treatment, reappeared at convalescent bed-rest and again collapsed 
on a second course of treatment. This patiént has had continued negative 
sputum tests. He is free from clinical symptoms. During the last course of 
immobilizing lung therapy he received inhalation of nebulized spray of promin. 
Following this a dense shadow replaced the region where the cavity was for- 
merly seen. Whether the promin was in part responsible for contraction of the 
cavity cannot be definitely stated. He has frequently entered municipal institu- 
tions, generally after alcoholic excesses. For part of the past two years he has 
worked. At present he is seeking employment. His last sputum tests were 
negative. An apparent cavity (1 cm.) at the original site appears to have re- 
curred, although much smaller than the original lesion. 

The sixth patient had shown advancing tuberculosis at bed-rest with pro- 
gressive loss of weight, fever and the final appearance of three large cavities in 
the right lung. Treatment in the equalizing pressure chamber for the first 
month was followed by a gain of 10 pounds in weight and the disappearance of 
most of the febrile reaction. Inhalation of the nebulized spray of promin was 
given during this period. Interruption of immobilizing lung therapy was fol- 
lowed by recurrence of fever, even though inhalation of promin solution was 
continued. Resumption of immobilizing lung treatment was followed by almost 
complete disappearance of fever in each of three separate periods of approxi- 
mately one month each. There was slight contraction of the three large cavities 
in the right lung. The patient was considered unimproved. 

The results of the inhalation of the nebulized spray of promin are reported 
more from the point of view of suggesting a method of possible clinical value 
rather than as a demonstration of therapeutic advantage in these cases. 

The seventh case was previously reported as a man who had developed bilateral 
extensive disease with a temperature of 104.5°F. on previous bed-rest in a munic- 
ipal institution. During immobilizing pressure therapy his temperature de- 
creased and he was temporarily improved, but later the onset of tuberculous 
pneumonia was followed by a spontaneous pneumothorax. He was discharged 
home, ultimately returned to a municipal hospital and finally died. 

The eighth case was that of a man who had two courses of immobilizing pres- 
sure treatment for advanced bilateral pulmonary tuberculosis. In this patient 
the improvement was slight and he was ultimately returned to the municipal 
institution. A thoracoplasty on the left side is scheduled for him at this writing. 
He is classified as unimproved. 

The ninth case is that of a man who after two courses of immobilizing pressure 
treatment became clinically well, the cavity disappeared and the sputum has 
been negative for over one year. He is now at work for a period of three months. 

The tenth patient was advised to have bilateral thoracoplasty. The presence 
of large cavities at the top of both lungs which reappeared following termination 
of pneumothorax appeared to offer no other therapeutic possibility. During 
the first three months of immobilizing pressure therapy, the cavity collapsed 
and became invisible on X-ray films. This cavity reappeared on slight activity 
and a second course of immobilizing pressure therapy is being carried out at this 
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time. In this patient a combination of crushing of the phrenic nerve and local 
lung rest has been instituted in the hope that activity following the collapse of 
the cavity will not cause a reopening of the cavity. 

The provision of lung rest makes possible a decrease in the elastic tension of 
the lung, since cessation of movement of the lungs takes place at the conclusion 
of a normal expiration. Furthermore, cessation of lung movement diminishes 
the diffusion of toxins from the tuberculous lesion. The state of relaxation which 
takes place during cessation of voluntary breathing not only is helpful in adding 
to local lung rest a type of body rest which is not possible under circumstances 
of normal breathing, but also provides mental relaxation. It is noteworthy that 
patients who have a keen desire to smoke cigarettes do not miss them as much 
during the period when they are in the chamber as they do during ordinary bed- 
rest. 

In appraising the results of 2 patients in whom improvement did not occur, 
the continuousness of arrest of lung movement was probably a factor. In one, 
the frequency with which he was found asleep suggested that absence of lung 
movement did not take place sufficiently in his case. In patients who fall asleep 
during treatment there is frequently observed recurrent voluntary breathing.* 

In cases in which cavities are adherent to the chest wall over a wide area, 
collapse of the cavity may be prevented. It is also conceivable that a large 
cavity with a very small bronchial opening may suffer some expansion and 
contraction in its size if there is not a sufficiently free inlet and outlet of air 
through the respiratory passageway connected to the cavity. It may also be 
pointed out that mistakes have been made in regulating the differential pressure 
applied to the head and to the body. A water manometer is a safer guide to the 
maintenance of the differential pressure than a guage, since the latter was found 
to have become inaccurate and, for a considerable period of time, led to an un- 
usually high pressure being applied at the head end (case 8). 

During the use of immobilizing pressure therapy during the past six years, 
the technique of regulating this method of treatment has become simpler and 
better understood. It is of considerable importance to observe the chest wall for 
signs of movement while the differential pressure of 5 cm. of water is being tried. 
In some patients a differential of as low as 3.5 to 4 cm. may be all that is neces- 


3’ This may be with the cycle of the machine or against it. Thus, during the positive 
pressure wave, air is entering the lung. The patient may inspire during this cycle or he 
may inspire during the negative pressure wave. In the second instance he would be with- 
drawing air from the lung by expansion of the chest at the same time that air was being 
distributed to the lung by compression. During ordinary inspiration enlargement of the 
chest provides for an inlet of approximately 500 cc. of airinto the lungs. If an inspiration 
were to take place during the positive pressure cycle the inlet of air would be facilitated by 
compression of the air within the chamber. However, if inspiration takes place during the 
phase of negative pressure the inlet of air into the lungs produced by inspiratory enlarge- 
ment of the chest would be to a variable extent counteracted by expansion of the air within 
the chamber under the conditions of negative pressure which would tend to force air out of 
the lungs. In either event, when patients are asleep breathing is apt to take place, as was 
often observed in this patient (case 8). 
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sary to prevent excursion of the chest wall whereas, in others, pressure of 6 to 7 
em. of water may be required. The fact that considerable difficulty was experi- 
enced in determining the right pressure for case 8 may have been partly responsi- 
ble for the failure to achieve a good result in his case. 

The technique of applying this treatment is simple although it does require 
observation of the patient every two or three days to be sure that the differential 
pressure is correct, that the patient is able to dispense with voluntary breathing 
and that the chest wall is motionless. It is important to instruct the patient 
not to fall asleep and to make sure that this does not take place. 

The third case that did not get better had bilateral very extensive disease with 
large cavities, a rapidly progressive course with a temperature of 104.5°F. every 
evening. In this case the almost terminal state of the patient was such as to 
prevent any actual hope for cure. Not only was there wide-spread caseous 
tuberculosis with large cavities, but the patient had on previous bed-rest of three 
months’ duration shown a gradual increase in temperature from 100°F. to 
104.5°F. The treatment was instituted largely to show the effect of local lung 
rest on toxemia and temperature. At first the patient had to be carried into the 
chamber and later his clinical improvement was revealed by his ability to walk 
into the chamber and by a temperature which had decreased to 101°F. The 
subsequent development of tuberculous pneumonia prevented further trial of the 
apparatus but this case did nevertheless reveal signs of diminution of toxemia 
which local lung rest produced. 

In case 6 the three cavities were of large size, occupying the upper and middle 
lung field. It may be that they were to a large extent adherent to the chest wall 
and perhaps the bronchial passageway leading to the cavity was not sufficiently 
large in relation to the volume of the cavity to provide a free entrance and exit 
of air during the positive and negative phase. Although an initial improvement 
appeared to be manifested by a decrease in the size of the lower cavity, no per- 
manent betterment took place. 

It is naturally not to be expected that all cases of pulmonary tuberculosis, 
especially those with as advanced disease as reported in this series, should mani- 
fest complete and permanent recovery. The results obtained were far better 
than was expected, since recovery took place in cases that had shown no response 
to routine measures. The conclusion that this type of local lung rest aids the 
process of healing and tends to result in collapse of cavities seems justified. The 
recurrence of cavity which necessitated a second course of treatment, and in one 
case a third course of treatment, suggests that the period of therapy was too 
short in some of these cases. Cavity walls may coalesce without actual healing 
taking place and increased activity may then result in opening of the cavity. 
Although a second course of treatment resulted in closure of the cavity in those 
cases in which it was tried, the likelihood is present that in some instances the 
cavity may only be temporarily closed and may not remain so unless actual dis- 
appearance of the walls and replacement by fibrous tissue occur. 

A few remarks seem indicated concerning the practical aspects of this treat- 
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ment. The chamber itself is of relatively simple construction and should not 
present any difficulties in operation to a person with a short period of training in 
its use. Since it employs only outside air there is no expense beyond that of the 
electric current used. The initial cost of the chamber is not great, especially 
when considered in terms of the actual long term cost of treatment for patients 
with pulmonary tuberculosis. From the standpoint of the patient himself, we 
have encountered no resistance whatsoever. The possible fear that the patient 
may have of claustrophobia by being placed in a chamber has seemed to be 
largely in the mind of the physician who was unused to this type of therapy. In 
every instance the patient himself liked the treatment and when it was possible 
for him to take a second course he was anxious to have the opportunity to do so. 
There was, therefore, no psychic hurdle to overcome in patients who undertook 
this type of lung rest and body rest. Furthermore, the mental relaxation which 
takes place when voluntary respiration has been abandoned makes possible a 
cheerful attitude during the course of therapy. At times patients get fed up 
with the chamber for short periods, but in all instances there has been a willing- 
ness to return to it in a few days. The treatment has never been terminated at 
the wish of the patient, but always when it was decided that the time had ar- 
rived to try convalescent care. The development of an acute otitis media in one 
patient during a two-week period may have been due to the variations in chamber 
pressure. Wearing sponge-rubber coverings to the ears minimizes these pressure 
effects. The patients who had two and three courses showed no injurious con- 
sequences in respect to ear function. 


SUMMARY AND CONCLUSIONS 


The effect of immobilizing both lungs by residence in an equalizing pressure 
chamber is described in 10 patients with advanced pulmonary tuberculosis. In 
4 of these patients either little improvement took place or the benefit obtained 
was temporary and did not influence the course of the disease. In the remaining 
6 patients significant improvement was observed. In one patient collapse of a 
large cavity took place in four months, recurred on slight activity and was closed 
again in a second course with fibrous tissue scar formation. Subsequently, a 
cavity, 1 cm. in diameter, was seen by X-ray at the original site. Repeated in- 
dividual and concentrated sputum tests have been negative for two years. 

The remaining 5 patients became clinically well and were discharged as able to 
work. Four of them are known to be at work, free from evidence of illness, with 
negative sputa, and either without signs of tuberculosis by X-ray or with fibrotic 
arrest of the disease. One patient has been working almost five years, 2 patients 
between two and three years, one was lost sight of after a follow-up of over one 
year. The fifth patient has been working part of the time for six months only, 
although he has been clinically well one and one-half years. 

Of the 5 patients who have been discharged as able to work, 2 had one course 
of immobilizing lung therapy of four months’ duration, 2 others had two courses 
of treatment and the fifth patient had three courses of treatment. The sixth 
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patient who was significantly improved, but who is not well, had two courses of 
treatment. 

A transportable equalizing pressure chamber has been developed to provide 
local lung rest, which is relatively simple in operation. Although the method 
has been applied to advanced cases, it may be employed in patients. who have 
less extensive disease. 


SUMARIO Y CONCLUSIONES 


Describese el efecto producido por la inmovilizacién de ambos pulmones en 
10 enfermos de tuberculosis pulmonar avanzada, mediante la permanencia en 
una cAmara igualadora de la presién. En cuatro de ellos, o se observé poca 
mejoria, 0 el beneficio obtenido fué temporal sin que se afectara la evolucién 
de la dolencia. En los otros seis, notése mejoria significativa. En un enfermo 
tuvo lugar en cuatro meses el aplastamiento de una caverna grande, que recurrié 
tras una actividad ligera y se cerré nuevamente con otra serie de tratamiento, 
con formacién de tejido fibreso de‘cicatrizacién. Los rayos X revelaron después 
una caverna de 1 cc de didmetro en el sitio primitivo. Las repetidas pruebas en 
el individuo y en el esputo concentrado han resultado negativas por dos ajios. 

Los otros cinco pacientes se repusieron clinicamente y fueron dados de alta 
con capacidad para el trabajo. De cuatro se sabe que continian trabajando sin 
signos de enfermedad, con esputos negativos, y bien sin signos de tuberculosis a 
los rayos X o con estacionamiento fibroso del mal. Un enfermo ha trabajado 
casi cinco afios, dos entre dos y tres afios y uno se ha perdido de vista después de 
una observacién de mds de un afio. El quinto enfermo ha estado trabajando 
parte del tiempo solamente durante seis meses, aunque se ha encontrado clini- 
camente bien por espacio de afios y medio. 

De los cinco enfermos dados de alta como capaces para trabajar, dos recibieron 
una serie de terapéutica inmovilizadora del pulmén que duré cuatro meses, otros 
dos, dos series, y cinco tres series. El sexto enfermo que mejoré notablemente, 
pero que no se halla bien, recibié dos series. “ 

Se ha elaborado una c4mara portatil de igualaci6n de la presién que suministra 
descanso local al pulmén y cuyo funcionamiento es relativamente sencillo. 
Aunque la técnica ha sido aplicada hasta ahora sé6lo a casos avanzados, también 
puede ser utilizada en enfermos en que la enfermedad se ha difundido menos. 
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BRONCHOGRAPHY IN PULMONARY TUBERCULOSIS! 
VI. Thoracoplasty 
Part 1 


B. A. DORMER, J. FRIEDLANDER anp F. J. WILES 


In a previous paper (no. IV) we endeavored to depict the geography of pul- 
monary tuberculosis by means of bronchograms. We showed that even in 
the earliest stage of the disease there is block of the bronchial tree at some 
point and bronchiectasis or cavitation arises as a result of this obstruction. 
We then demonstrated the effect of artificial pneumothorax on such changed 
tissue. In this paper we discuss the therapy in cases of “failed pneumothorax.” 

In a recent publication (1) we stated, under the heading of Thoracoplasty, 
“This is collapse therapy witha vengeance. One always feels that a thoracoplasty 
to knock out a tubercle bacillus is like using a sixteen pound hammer to kill 
a flea on a cat. The flea is often killed, but so is the cat.” Thoracoplasty 
aims at collapsing cavities and diseased areas of lungs. We wonder how often 
it succeeds and, when it does, how much healthy lung has to be sacrificed to 
this great god collapse. If there is one thing we have learned from a study of 
thousands of bronchograms in pulmonary tuberculosis it is that when a lung 
is damaged beyond a certain minimal degree the damage is irreparable. 

As far as we can ascertain, the decision to do a thoracoplasty is usually based 
on reading a conventional X-ray plate, on physical signs, on a general evaluation 
of the patient, on a persistently positive sputum and on the failure of other 
methods of treatment—mostly on the failure of other treatment. This supreme 
achievement of the art of the thoracic surgeon is perhaps an admission of failure, 
and this attitude of despair goes even further to-day because, when all the 
stages are over, an eventual pneumonectomy is often done because the patient 
still has copious sputum. . 

We have learned that the recent cavity which will not respond to artificial 
pneumothorax, especially a cavity in the upper part of the lung, is perhaps the 
ideal indication for this operation. The results in any other stage of tuber- 
culosis cannot be predicted. Some cases emerge with a negative sputum, 
some with a positive, but one cannot say beforehand which case will attain a 
negative sputum and which will not. It was this very lack of the ability to 
predict. the outcome of the operation that led us to study the bronchial tree in 
cases submitted for thoracoplasty and to study its reaction to each stage of 
the operation. 

We learned that no case is a simple proposition of cavities to be closed, but 
primarily a bronchiectasis with cavitation; that this curse of bronchial block 
dogs all cases of pulmonary tuberculosis and leaves a trail of devastation. We 
realized that tuberculous bronchiectasis and cavitation are pathologically 
similar to ordinary bronchiectasis and lung abscess. Yet, although thoraco- 


1 From the King George V Hospital for Tuberculosis, Durban, South Africa. 
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plasty has been abandoned as a treatment for the latter forms - lung damage, 
it is used almost indiscriminately in tuberculosis. 

We found that after operation cavities may be closed, but bronchiectasis 
remains in every case. Even if a complete and satisfactory operation is done 
and all cavity walls approximated, there is a residual bronchiectasis which may 
or may not give rise to positive sputum. We therefore came to the conclusion 
that thoracoplasty is a hit-or-miss affair and that, in fact, the end-result is not 
due to the skill of the operator or the prognostic ability of the physician, but 
to some factor beyond our knowledge or control. 

Very often the spread of disease is prevented in the lung originally affected by 
destroying all the functioning tissue. A simple accident of in-coughing can 
spread the disease to the opposite lung and sabotage all our prolonged effort. 
We discovered also, to our amazement, that very often our sincere, but appar- 
ently misguided efforts led to further bronchiectasis which developed in a quiet, 
insidious and unheralded way. 

The realization that we have no firm ground on which to base a prognosis 
in our thoracoplasty cases has led us to attempt other methods of treating 
tuberculous cavitation and bronchiectasis. For some time we have been experi- 
menting with repeated instillation into the bronchi of suspensions of various 
sulphonamides in lipiodol. We are able to concentrate as much as 3 g. of 
sulphonamide powder in a few dilated bronchi—an enormous amount compared 
with the quantity which would reach the bronchi after oral administration. 
So far some cases have benefited sufficiently at least to encourage us to continue, 
but a long time must elapse before we can venture an opinion as to the efficacy 
of the treatment. It may be but another delusion beckoning the weary medical 
pilgrim who seeks a “therapia sterilans magna.” 

In the series of cases which we present we deal, first, with the successful 
cases and, second, the unsuccessful. By success we mean the achievement of 
a negative sputum and by failure a persistently positive sputum. We discuss 
each case and ask for indulgence in our perplexity. As all were left with a 
bronchiectasis, why did some end in apparent cure and others not? Was it 
due to the surgical manipulation or luck? 

It will be argued, of course, that in some cases the persistent positive sputum 
may arise from tracheobronchial lesions which can be revealed by bronchoscopy. 
We have already demonstrated in this series of papers, however, that all old- 
standing tuberculous lesions are bronchiectatic. In other words, they all have 
bronchial tuberculosis, although in only a few are the bronchi affected within 
the vision of the bronchoscope. 

In a case with a single, relatively early apical cavity, which is the most suitable 
type for thoracoplasty, there may be no demonstrable bronchiectasis. In all 
other cases there is tuberculous bronchiectasis present before thoracoplasty, 
and the bronchiectasis remains unchanged after the operation. It is this fact 
that makes it important to find some more logical form of therapy than 


thoracoplasty. 


BRONCHOGRAPHY IN PULMONARY TUBERCULOSIS 


CASE REPORTS 


GroupI. The Successful Cases 


(use 1: C.389, Indian female, aged twenty-three years. About a year before admission 
sie spat up some blood and was advised to go up country for a holiday. Six months 
ater this she again coughed up some blood and has had a cough with a little sputum since 
tat occurrence. She is a healthy looking Indian female. Temperature is between 
07 and 99.2°F.; pulse 84 to 96. Sputum contains tubercle bacilli. The physical signs 

e prolonged expiration and some crepitations at the right upper lobe. 

An X-ray film of her chest (figure 1) shows a cavity approximately 2 x 2 inches at the 
right apex and some scattered areas of infiltration in the right infraclavicular region below 
the cavity. 

A bronchogram (figure 2) (patient lying down) shows a kidney-shaped cavity with its 
draining bronchus, blocked bronchioles in the area of infiltration and an absent alveolar 
pattern in this area. The rest of the lung has a normal bronchial pattern. A well marked 
fluid level was evident with the patient in the erect position. 

A right artificial pneumothorax was attempted without success; so a first-stage thoraco- 
plasty was performed. 

A bronchogram (figure 3) shows the result of the operation. The cavity walls have 
been approximated and there is left a residual, but minor degree of bronchiectasis of the 
upper lobe. 


This case is one with a thin-walled apical cavity with some surrounding 
inflammation. It should be noted that the shape and size of a cavity, as revealed 
by bronchography, are never the same as in conventional radiography. This 


bronchographic shape never varies in successive bronchograms and is probably 
a true picture of the interior of the cavity. The much larger rounded area seen 
in a conventional radiograph is probably due to inflammatory change with its 
nonaerated tissue round the cavity. The residual bronchiectasis after thoraco- 
plasty in such a comparatively early case should be noted carefully. 


Case 2: E.470, European male, aged thirty-four years. Fourteen years ago this patient 
had a right pleural effusion which kept him in bed for six weeks. Nine years later he had 
a left pleural effusion and again had six weeks in bed. Three years ago he coughed up a 
little blood on one occasion. He has had a positive sputum for the last two years. He 
is a fit, bronzed, healthy looking European. Temperature and pulse are normal. Sputum 
contains tubercle bacilli. The only physical signs are increased vocal resonance over the 
right apex. 

An X-ray film (figure 4) shows clouding of the right apex and infraclavicular region and 
clouding of the left apex. 

A bronchogram (figure 5) shows bronchiectasis of the right upper Jobe, the bronchi 
terminating in cavities. The rest of the bronchial tree shows normal filling. 

A right artificial pneumothorax was attempted but was not successful. A first-stage 
thoracoplasty was done. 

A bronchogram at this stage (figure 6) shows that the bronchiectasis remains unchanged, 
ut the cavity walls have approximated. 

Following this operation the patient’s sputum became negative and has remained nega- 
tive for two years, although the patient has followed the strenuous occupation of a sur- 
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Fig. 1. Upper left; Fig. 2. Upper centre; Fia.3. Upper right; Fra. 4. Lower left; Fie. 5. 
Lower centre; Fie. 6. Lower right. 
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yeyor. This case again shows the residual bronchiectasis which would not disappear 
even after further stages of the operation. We do not know why the sputum became 
negative unless the tubercle bacillus was flourishing in the cavity walls only. 

(se 3: E.371, European female, aged twenty-three years. Four years before admission 
pitient had a cough and brought up sputum. She had a right artificial pneumothorax 
induced and this was continued for ten months and then abandoned. She felt quite well 
for three and a half years when he began to cough and produce sputum again. She is 
very fit looking and plump. Temperature and pulse are normal. Sputum contains 
tiberele bacilli. The physical signs are dulness and bronchial breathing with crepitations 

t the right upper lobe. 

An X-ray film (figure 7) shows a “black-out” of the right upper lobe with upward pull 

the interlobar septum and deviation of the trachea to the right. 

A bronchogram (figure 8) shows extensive bronchiectasis of the right upper Jobe and 
normal alveolar filling of the lower lobe. 

A first-stage thoracoplasty was performed and the sputum remained positive. 

Figure 9 is a bronchogram after the first stage operation, showing that the bronchiecta- 
sis is still present and that the lower lobe bronchial tree no longer has a normal filling. 

A second stage was done. Figure 10 is a bronchogram after this stage and shows the 
persistent bronchiectasis of the upper lobe and the crowding and dilatation of the bronchi 
of the lower lobe. 

The sputum still remained positive and a third stage was duly carried out. A broncho- 
gram (figure 11) shows the completed operation with residual bronchiectasis in all the 
bronchi in both upper and lower lobes. 

The patient’s sputum after this final operation became negative and has remained so 
for a year. 

This case is most instructive. The bronchograms depict how, in order to collapse 
an upper lobe lesion, it became necessary to destroy all the functioning lung on the 
right side. The end-result was a formidable bronchiectasis much greater in extent 
than the original lesion, but the sputum became negative. Why? 


Case 4: C.1, colored male, aged forty-one years. Two years before admission he 
developed fever and was admitted to a hospital where tuberculosis was diagnosed. He 
remained some months in a sanatorium and was well until admission to King George V 
Hospital, when he had sputum which was tinged with blood. He is a fit looking colored 
male. Temperature and pulse are normal. Sputum contains tubercle bacilli. The 
physical signs are dulness and crepitations over the left upper lobe, whispering pecto- 
riloquy in the left infraclavicular region and crepitations over the whole of the rest of the 
left lung. There are a few crepitations over the right apex. 

An X-ray film shows a “black-out” of the whole of the left lung. A bronchogram 
figure 12) shows that the whole of the left lung is excavated and that there is a very 
thick pleura on this side. 

A thoracoplasty was carried out in stages and figure 13 shows the result after the last 
-tage. The end-result is bronchiectasis and basal cavitation, admittedly not so extensive 
‘s at the start. 

Yet, after the final stage, the patient had a negative sputum and it remained negative 
ior two years before he was killed in a motor accident. 


Case 5: E.62, European male, aged thirty-five years. Twelve years ago, while having a 
routine examination for insurance, he was told he had tuberculosis. He then spent 
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Fia. 7. Upper left; Fie. 8. Upper right; Fie. 9. Lower left; Fie. 10. Lower centre; Fie. 11 
Lower right. 
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-everal years in and out of sanatoria until eventually, a few years before admission, he 
had a thoracoplasty done in several stages. He felt well after this but his sputum has 
heen consistently positive. His temperature and pulse are normal. Sputum contains 
tubercle bacilli. There is a complete thoracoplasty on the right and scoliosis. There 
is no evidence of disease on the left side. 

X-ray examination shows a thoracoplasty on the right but the first rib is still present. 
It was decided to remove the first rib and this was done shortly after admission. 

A bronchogram shows that the end-result of the operation is a bronchiectasis through- 
out the whole lung. Yet the patient’s sputum became negative after the operation 
removal of the first rib) and has remained negative for the last three years. 


Fic. 12. Left; Fie. 13. Right 


Group 1A 


This subgroup contains 4 cases in which, as in the previous ones, the sputum 
became negative after thoracoplasty. These 4 patients, however, had intra- 
bronchial instillation of sulphonamide in lipiodol on several occasions both 
before and after operation. We do not know whether this treatment assisted 
in bringing about a negative sputum, but it is at least a reasonable possibility. 


Case 6: E.564, European male, aged thirty-two years. He has coughed for six months— 
a morning cough with a little sputum. He felt perfectly fit otherwise until six weeks 
ago when he developed an acute appendicitis. Following the operation it was noticed 
that he was coughing and had fever. His chest was X-rayed and pulmonary tuberculosis 
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diagnosed. He is a very ill looking man. Temperature is between 98.8 and 100°F. 
pulse 80 to 120. Sputum contains tubercle bacilli. Physical signs are wasting and 
diminished movement over the right upper lobe with increased vocal resonance and 
bronchial breathing in this area. 

An X-ray film showed extensive bilateral pulmonary tuberculosis and he was treated 
by bed-rest and gradual exercises for fourteen months, when his sputum became negativ« 
and an X-ray film showed what appeared to be healed disease at the right apex. 

He was discharged and a few days later, while taking a cross country journey in a 
bumpy bus, he had an hemoptysis. He was readmitted to the hospital and his sputum 
was again found to contain tubercle bacilli. 

The X-ray film on readmission showed a ring shadow just below the right clavicle at 
the periphery, about one-half inch in diameter and the right apex was obscured. 

A bronchogram showed bronchiectasis of the right upper lobe and normal alveolai 
filling of the rest of the lung, except at the extreme base near the mediastinum where 
there was some terminal bronchiectasis. 

A first-stage thoracoplasty was performed. There was still a minor degree of bronchi- 
ectasis at the right apex and in the terminal bronchi at the base near the mediastinum. 

Following the operation the patient’s sputum became negative and has remained so 
for the last six months. 


Case 7: E.639, European female, aged thirty-six years. The onset of her disease was 
about eight years ago with malaise, cough and pain in the left shoulder. She was not 
X-rayed for two years after the onset. When tuberculosis was diagnosed she was sent 
to a sanatorium for spells of six months and had a left artificial pneumothorax attempted 
but this was not successful. She then had a left phrenic avulsion. She is fit looking. 
Her temperature and pulse are normal. Sputum contains tubercle bacilli. The physical 


signs are dulness with whispering pectoriloquy and scattered crepitations over the left 
upper lobe. 

An X-ray film shows fibroid phthisis of the left upper lobe. A bronchogram (figure 14) 
shows extensive bronchiectasis of the left upper lobe with upward pull of the left main 
bronchus. 

A first-stage thoracoplasty was performed and a bronchogram shows the result (fig- 
ure 15). The bronchiectasis still remains although there has been a fair amount of 
collapse of the bronchiectatic bronchi upon themselves. 

After the operation the patient’s sputum was positive on one occasion. Following the 
intrabronchial instillation of sulphonamide suspension in lipiodol, in order to obtain 
figure 15, her sputum became negative and has remained so. 


Case 8: E.500, European male, aged twenty-eight years. The onset of his illness was 
eight years ago when he had pleurisy. He was in bed for three weeks only. A year later 
he had cough and was X-rayed and pulmonary tuberculosis was diagnosed. He was in 
a hospital and a sanatorium for a year after this. He then returned to work and, although 
he had a slight morning cough, he never bothered about this. Three months before 
admission he fell down some steps and a few weeks later he complained of pain in his 
left hip which made walking impossible. He was admitted to a hospital where a tuber- 
culous sacro-illiae joint and active pulmonary tuberculosis was diagnosed. He is a thin 
but well looking European. Temperature is between 97 and 99.8°F.; pulse 80 to 96. 
Sputum contains tubercle bacilli. The physical signs are dulness, bronchial breath 
sounds and crepitations over the right upper lobe. 


Fic. 14. Upper left; Fie. 15. Upper right; Fie. 16. Lower left; Fre. 17. Lower right 
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An X-ray film showed extensive old-standing disease of the right upper lobe. The 
trachea was deviated to the right and there was a cavity one-half inch in diameter in the 
right infra-clavicular region. There were scattered small calcifications throughout the 
rest of the right lung. There was some scattered infiltration in the left apex and infrs- 
clavicular region and scattered points of calcification throughout the rest of the left lung. 

A bronchogram (figure 16) shows very thick pleura over the right upper lobe, bronchi- 
ectatic cavitation of this whole lobe and normal alveolar filling of the rest of the bronchia| 
tree which is distorted by the upward pull of the atelectatic upper lobe. 

A two-stage thoracoplasty was performed and figure 17 shows the condition after the 
complete operation; it will be noticed that the bronchiectasis did not disappear. Yet 
after the final stage the patient’s sputum became negative and has remained so. He hail 
instillation of sulphonamide suspension in lipiodol with each bronchogram, except the 
first. 


Case 9: E.621, European female, aged thirty-four years. The onset of her illness was 
fourteen years before admission with temperature and dry cough. She was treate:| 
in various hospitals and sanatoria for about a year and had a right artificial pneumothorax 
for fifteen months. Five years later she began to cough again and two years later she 
had an hemoptysis. She is an ill-looking, cyanosed, dyspneic European woman. Her 
temperature and pulse are normal. The sputum contains tubercle bacilli. The physi- 
cal signs are dulness and bronchial breathing over the right upper lobe and numerous 
crepitations in this area. The apex beat is shifted to the right. 

An X-ray film showed chronic fibroid phthisis of the right upper lobe with deviation 
of the trachea, mediastinum and heart to right. 

A bronchogram showed an atelectatic upper lobe, the seat of extensive bronchiectasis, 
an atelectatic lower lobe, also bronchiectatic, and a few bronchi representing the middle 
lobe. There was such destruction and distortion of the bronchial tree that it was diffi- 
cult to make out landmarks. 

A two-stage thoracoplasty was performed. The final result was that the bronchi 
ectatic area in the upper lobe was largely collapsed but the lower lobe bronchiectasis 
remained untouched. At the end of the series of operations the patient’s sputum was 
still positive. Instillation of sulphonamide suspension in lipiodol had been done between 
ach stage and this was done twice more at intervals of a fortnight after the final opera- 
tion. Her sputum then became negative. 

REFERENCE 
(1) Dormer, B. A., FRIEDLANDER, J., AND WILEs, F. J.: A South African Team Looks at 
Tuberculosis, Proc. Transvaal Mine Medical Officers’ Assoc., November, 1943, 
23, 73. 
Part 2 will appear in the next issue 


ANATOMICAL STUDIES ON HUMAN TUBERCULOSIS' 


XVIII. Additional Observations on Progressive Primary Pulmonary Tuberculosis 
in Adults 


KORNEL TERPLAN 


In two preceding papers (1, 2) the anatomical picture of true reinfection 
tuberculosis was presented. It was shown that in the pathogenesis of these 
various lesions, brought about by intracanalicular spread or by hematogenous 
seeding, or by a combination of both, exogenous pulmonary reinfection played 
the leading réle, while the primary complex, with all its components in a com- 
pletely obsolete state, had obviously no genetic relation to the active tuberculous 
lesions which were the major postmortem findings. 

In a previous paper (3) on recent progressive primary tuberculosis in adults, 
a few brief anatomical reports were included, together with a chart of primary 
complexes found incidentally in 16 cases, which pointed to “late” primary 
infection apparently well beyond the age of childhood or adolescence. The 
conclusion drawn on the basis of these findings was that the course of primary 
infection in adults is not necessarily influenced by the age factor. Progressive 
primary complexes with overwhelming miliary tuberculosis and tuberculous 
meningitis or with direct intrabronchial extension, just as it occurs in primary 
tuberculous infection of children, and relatively recent fibrocaseated or cheesy- 
chalky complexes were seen in adults, and the involvement of the bronchomedi- 
astinal lymph nodes regional to the primary focus did not appreciably differ in 
extent or degree from that observed in children. The literature on primary 
tuberculosis in adults was cited, stressing in particular the work of Ghon and his 
pupils, Roman and Pototschnig, of Puhl, the views of Kuess, Ranke and Hart, 
and the papers of Ragnotti and of Frimann-Dahl. In the last four years there 
appeared only a few additional reports on acute progressive primary tuberculosis 
in young adults. Bernoulli (4) found in 3 young soldiers in a military training 
camp the typical picture of rapidly progressive primary tuberculosis with a recent 
primary complex, terminating in tuberculous meningitis. Koester (5) described 
the development of malignant pzimary tuberculosis in 12 patients between 
fourteen and nineteen years of age from a rural district. All were from families 
free of tuberculosis. When they left school, their tuberculin tests had been 
negative. The “childhood type” of tuberculosis was found postmortem in 27 
cases among 113 adult. Jamaican Negroes by Wells (6). There was a consid- 
erable incidence of primary cavitation. In 2 out of 3 cases of miliary tubercu- 
losis of the childhood type, the site of the primary focus was not found. 

That generalization of primary tuberculous infection follows in the majority 
relatively closely, though—with exceptions in childhood—not immediately, the 


1 From the Department of Pathology, Medical School, University of Buffalo, and the 
Pathology Laboratories of the General Hospital and Children’s Hospital, Buffalo, New 
York. 
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time of first infection was stated by Schuermann (7). In four-fifths of all cases 
of fatal generalized tuberculosis, Schuermann found the primary complex in a 
noncalcified state; in the remaining cases it was calcified. 

The material used for this report consists of 8 cases. (Again, a few grossly 
most valuable observations could not be used for lack of sufficiently complete 
histological control of all pulmonary lesions concerned; therefore we did not feel 
justified in deciding whether the hematogenous pulmonary lesions found in these 
cases were secondary to the primary complex or whether they had originated 
from early superinfections.) Table 1 represents the postmortem findings in 8 
instances, in 7 of which the primary lesion and the regional lymph node changes 
were in a recent caseated state. Of 3 of these (nos. 2468, 2017 and 3378) the 
anatomical findings were briefly given in our previous paper on recent primary 
tuberculosis in adults; another case (no. 5047) has already been discussed in 
detail in one of the preceding papers (on “focal extension’’). In 3 out of the 8 
cases listed in the table, the primary lesion had disintegrated into a cavity lo- 
cated in the upper portion of the left upper lobe in one, and in the right middle 
lobe in the 2 others. In these 3 cases there was considerable intrabronchial 
progression, one of them (no. 2536) showing great involvement of both sub- 
apical areas. Lymphogenous spread through the upper tracheobronchial and 
mediastinal lymph nodes, however, was in this case just as marked on the right 
side as on the left, which was the site of the primary cavity. Whether or not 
there was an additional complex of first infection, with primary lesions in the 
nasopharynx, pharyngeal tonsil, or in the upper pharyngeal wall, could not be 
determined due to restrictions at postmortem examination. All cervical lymph 
nodes showed extensive caseation with but slight chalky changes in a few of 
them. (Clinically there was no lesion seen, neither in the pharynx nor in the 
upper respiratory passages. The tuberculous nature of the lymph node swellings 
in the neck was diagnosed from a biopsy one year previous to death. Three 
weeks before the patient died, a block of the spinal canal at the level of the fourth 
dorsal vertebral body could be demonstrated roentgenologically,. with typical 
symptoms of “transverse myelitis’” due to compression. The tuberculous etiol- 
ogy of this myelitis was not ascertained, due to restrictions for adequate exam- 
ination of the spine and spinal cord postmortem.) 

In the 2 other cases with the primary cavity in the right middle lobe, lymphog- 
enous progression was restricted to the side of the primary lesion. 


Plate 1 represents two different levels in a horizontal plane cut through the primary 
cavity in one of these cases, a twenty-three year old white male (no. 4484). The gross 
and microscopic findings in this case will be briefly summarized. 

There was a firmly caseated lesion in the lower-medial portion of the right middle lobe, 
of somewhat irregular outline, measuring in the fixed specimen 3 x 2.2x 1.5 cm. The 
centre of this lesion contained a cavity, the largest diameters of which were 2.5 x 1.5 cm.; 
it connected with the bronchus draining the right middle lobe. The border of the large 
caseated tubercle with the central cavity was indistinct and blended with focal hemor- 
rhagic zones. Some areas of the adjacent lung parenchyma showed clusters of pinhead 
sized caseated tubercles contiguous to the capsule. The surrounding bronchi throughout 
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the right middle lobe were for the most part dilated, their walls considerably thickened; 
others contained various amounts of caseated material. The entire parenchyma of the 
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PLATE 1 


right middle lobe had a rather firm consistency. The interlobar tissue appeared some- 
what fibrosed and contained scattered tubercles in clearly peribronchial arrangement. 
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In the upper part of the right lower lobe near the junction with the middle lobe there were 
a few pinhead sized recent tubercles. The interlobar fissure between these two lobes was 
completely obliterated. In the right upper lobe there were a few clusters of grayish 
tubercles in the apical area, measuring from 1 to 3 mm. in diameter, with early caseation. 
The left lung was entirely free. 

In the right major bronchus just below the carina, there were several circular ulcera- 
tions with a necrotic base and ragged, hemorrhagic edges. In addition, there were three 
shallow ulcerations from 5 to 8 mm. in diameter, anteriorly and to the right in the lower 
wall of the trachea, slightly above the bifurcation. There were also a few superficia! 
ulcers in the wall of the right major bronchus, just opposite to the orifice of the bronchus 
draining the right middle lobe. 

The lymph nodes at the hilum of the right middle lobe showed distinct caseation; they 
were moderately enlarged (2.0 x 0.5 em.); in some of them there was: considerable hemor- 
rhage. Lower and upper tracheobronchial lymph nodes were also moderately enlarge«| 
and fairly completely caseated. The lymph nodes draining the left lung were free of 
tuberculosis. 

The small intestine presented a typical picture of recent tuberculosis of the ileum and 
lower jejunum, with numerous circular ulcers from 1 to 5 em. in width, with extensive 
necrosis of their bases extending into the subserous layer and with scattered typical hemp- 
corn sized tubercles in the serosa. There was a perforation of a tuberculous ulcer in the 
lower ileum, which appeared entirely covered by localized fibrinous adhesions with the 
omentum. There was recent fibrinous peritonitis with distention of the entire small 
intestine. All mesenteric lymph nodes showed extensive caseation, especially those 
immediately regional to the lowest ileum, which were about the size of a date. 

The remainder of the anatomical findings included unusually severe lesions of gout 
involving all joints and the kidneys, and considerable marasmus. 

Photograph “A” on plate 1 shows part of the primary cavity which had formed in the 
lumen of a second order bronchus. The entire wall of the bronchus is completely caseated, 
all its strata entirely necrotic, blending with the caseated content as well as with the 
interstitial tissue around the cavity. A large calibre branch of the pulmonary artery is in 
part included in this wall. At a somewhat lower level (B) the cavernous disintegration is 
much more marked. The extension of the cavity into the peripheral portion of the bron- 
chus is seen in the centre of the photograph. The wall of the bronchus is still completely 
caseated here. A few lobules toward the lateral border of the middle lobe show distinct 
intrabronchial and peribronchitic caseated tuberculosis; others show various degrees of 
atelectasis. The considerable fibrosis of the interstitial tissue surrounding the primary 
cavity is noticeable in both pictures, also the ectasia with mucoid secretion in several 
smaller calibre bronchi. In these there are no specific lesions. Sections through the 
basal portions of the right middle lobe show the typical picture of fairly recent caseated 
peribronchitic tuberculous pneumonia, frequently with confluent tubercles, and again a 
few distinctly ectatic smaller bronchi filled with dense mucoid secretion. Sections taken 
through the trachea and the right major bronchus reveal typical tuberculous ulcerations 
in the membranous portion of both. One of the ulcers in the right major bronchus ap- 
pears contiguous to the adjacent bronchopulmonary lymph node which is for the most 
part caseated. The bronchopulmonary and tracheobronchial lymph nodes show fairly 
complete caseation. The grossly noticed ulcerations in the trachea and central portion 
of the right major bronchus were apparently caused by direct extension of the large pri- 
mary cavernous bronchial tubercle in the right middle lobe. A few small paratracheal 
lymph nodes to the right of the tracheal ulcers showed only acute congestion but no tuber- 
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culous changes. Only a few ulcerations in the right major bronchus appeared closely 
contiguous to a completely caseated bronchopulmonary lymph node. We have, therefore, 
in addition to direct extension from the primary cavity, a second source for bronchial 
tuberculosis from contiguous infiltration through the wall from the adjacent caseated 
lymph node. 

In some parts of the primary cavity there were recent capillary hemorrhages in very 
close relation to the massive caseation, and a moderate amount of blood was intermingled 
with the necrotic debris in the cavity. 

The histological picture of the tuberculous ulcers in the intestine showed extensive 
caseated tuberculosis with very marked destruction of both muscle layers and consider- 
able thickening of the serosa. A few rare epithelioid cell tubercles were found in the 
liver only. The spleen showed severe changes of amyloidosis, mostly localized within 
the Malpighian follicles, apparently caused by the chronic gout, the microscopic changes 
of which were typical, especially in the pyramids of the kidneys. 

The X-ray picture taken from the undissected specimen revealed only a considerable 
density around the right hilar area, lateral to and below the bronchus draining the right 
lower lobe. There are, nowhere, shadows pointing to chalky changes or calcification. 

The entire gross and histological analysis proves the recent tuberculous infection in this 
case. The massive tuberculous ulceration in the small intestine is most probably second- 
ary to the primary cavity in the right middle lobe. The symptoms pointing to the tuber- 
culous infection, however, were first of an entirely abdominal nature, consisting of crampy 
pains starting three months previous to death. In the last weeks there were uncontrol- 
lable emesis and increasing anemia. Physical examination revealed impaired percussion 
above the right lower lobe with distinctly diminished breath sounds and coarse rfles above 
both lower lobes. The patient had suffered for twelve years from progressive gout and was 
throughout this time under medical observation. No tuberculin test was made and no 


X-ray picture of the lung taken. It was not expected that the immediate cause of death 
was a tuberculous infection. A guinea pig inoculation with tuberculous material from 
the right middle lobe yielded a rapidly progressing tuberculosis, terminating in death of 
the animal on the twenty-ninth day following inoculation. Cultures were not taken. 


In one of our cases (no. 2714), that of a twenty-six year old colored male who died from 
miliary tuberculosis and tuberculous meningitis, the anatomical findings pointed to two 
primary lesions. We were able to identify only one of them. There were two lentil- 
sized chalky nodules, one in subpleural position in the midportion of the left lower lobe, 
the other in the upper third of the right upper lobe about 2 cm. below the apex. These 
naturally were looked upon as presenting the primary pulmonary lesions. Histologically, 
however, they proved to be chalky-caseated intrapulmonary lymph nodules. There 
were considerable caseated and slight chalky changes in the bronchopulmonary and lower 
and upper tracheobronchial lymph nodes on both sides. The X-ray photograph taken 
postmortem showed fairly clearly the chalky subpleural lymph nodules in right upper and 
left lower lobe, while the chalky deposits in bronchopulmonary and tracheobronchial 
lymph nodes were only faintly noticeable. Histological analysis revealed one of the 
primary tubercles in very close relation to the chalky intrapulmonary lymph nodule in 
the right upper lobe. It was about of small pea size and was surrounded by a few small 
bronchial tubercles in typical peribronchial arrangement. There were very faint chalky 
changes in the centre of the lesion. Some of the tubercles in the left upper lobe showed 
also a rather typical peribronchial arrangement, with early disintegration in their centres. 
Both lungs were, in addition, densely seeded with miliary and small conglomerate tu- 
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bercles. Many miliary tubercles were also found in the liver, spleen and in both kidneys. 
There was typical tuberculous meningitis with ependymal tubercles in both latera! ven- 
tricles, but without involvement of the brain substance. 

One of the primary lesions was unquestionably in the right upper lobe, while the pri- 
mary focus tributary to the typical complex changes in the lymph nodes of the left lung 
was not found. The histological structure of both subpleural intrapulmonary lymph 
nodules, which showed more chalky substance than the other lesions, was that of typical, 
firmly caseated tuberculosis with rare epithelioid giant cell tubercles in the capsule of the 
lymph node. There was one small recent tuberculous ulcer in the cecum; mesenteric 
lymph nodes were free of tuberculosis. 

The clinical history pointed also to a primary pulmonary infection, the first symptoms 
of which were noticed six months previous to death. There were persisting cough, night- 
sweats and distinct loss of weight. When the patient was admitted to the hospital a few 
days before he died, there was already distinct rigidity of the neck, and the X-ray film 
showed slight mottling over both lung fields, diagnosed as miliary tuberculosis. 


We have added a somewhat unusual finding to this group of progressive primary tubercu- 
losis—the last case in our table (no. 5076), that of a ninety-one year old white female. 
Postmortem, progressive apical and subapical tuberculosis was found, most marked in 
the right upper lobe, with a pea-sized cavity near the right apex and recent peribronchial 
tubercles in both lower lobes. Upper and lower tracheobronchial lymph nodes on both 
sides showed recent caseation. The peribronchitic tubercles were from hazelnut to cherry 
sized. The anatomical picture was first interpreted as a typical reinfection tuberculosis, 
apparently spreading from the cavity in the right apex throughout both lungs. Roent- 
genological examination failed, to our surprise, to reveal any remnants of a primary 
complex; there were, at least, no chalky or calcified scars, neither in the lung tissue nor 
in the bronchomediastinal lymph nodes. Intestinal tract and mesentery were also nega- 
tive. Considering the high age in this case, it is possible that obsolete calcified remnants 
of an old primary complex might have been entirely resorbed. 

Histological examinations of the cavity and the surrounding tuberculous lesions in the 
right upper lobe revealed older collapse-induration, along with fibrocaseated tuberculosis, 
and also a rare minute sequestrated calcified bronchial cartilage included in the fibrous 
scars. The lymphogenous progression in the bronchomediastinal lymph nodes of both 
sides was as active as in any primary tuberculosis or in progressive reinfection. 


An epicritical summary of our 7 cases of primary progressive tuberculosis 
includes the following anatomical types: Typical primary complex with only 
lymphogenous extension and with overwhelming miliary tuberculosis in 3, in 
one of these combined with recent localized intrabronchial focal extension; 
primary cavitation with typical complex changes and considerable intrabronchial 
spread in 3, in one of these complicated by deglutition tuberculosis of the small 
intestine with perforation of tuberculous ulcers and recent peritonitis; and a 
most unusual massive, caseated tuberculous pleuritis in connection with a pri- 
mary fibrocaseated subpleural focus, leading to massive miliary tuberculosis, in 
one. The cause of death was tuberculous meningitis in 4, ulcerative tuberculous 
enteritis with perforation and recent peritonitis in one, and progressive intra- 
bronchial pulmonary tuberculosis in 2. One of these latter was complicated by 
congenital pulmonary stenosis with typical cor pulmonale. 


ANATOMICAL STUDIES ON TUBERCULOSIS 


SUMMARY 


The anatomical findings in 7 cases of progressive primary tuberculosis in the 
young adult from twenty to thirty years are presented. They resemble closely 
the anatomical character of progressive primary tuberculosis in children, includ- 
ing considerable lymphogenous spread from the primary lesion to the regional 
bronchomediastinal lymph nodes, cavitation of the primary focus followed by 
intrabronchial extension and overwhelming hematogenous miliary seeding with 
tuberculous meningitis. One unusual observation of caseated pleuritis contigu- 
ous to a recent primary parenchymal subpleural lesion—with but slight lymph 
node complex changes but with overwhelming miliary tuberculosis—is also in- 
cluded, and an apparently primary progressive phthisic form of pulmonary 
tuberculosis in a senile person, aged ninety-one, is added, suggesting that rem- 
nants of a primary complex may leave no grossly recognizable traces in later life, 
especially in senility. 


SUMARIO 


Preséntanse en este trabajo los hallazgos anatémicos en 7 casos de tuberculosis 
primaria evolutiva en jévenes de 20 a 30 afios de edad. Las caracteristicas 
anat6émicas son muy semejantes a las de la tuberculosis primaria evolutiva en el 
nifio comprendiendo considerable propagacién linfégena de las lesiones primarias 
a los ganglios linfaticos broncomediastinicos regionales, cavitacién del foco pri- 
mario seguida de difusién intrabronquial y extensién miliar hematégena ago- 
biadora con meningitis tuberculosa. También se presenta una observacién 


extrafia de pleuritis caseada contigua a una lesién subpleural parenquimatosa 
primaria reciente—con leves alteraciones complejas de los ganglios linfaticos pero 
con granulia agobiadora—y una forma tisica evolutiva aparentemente primaria 
de tuberculosis pulmonar en un anciano de 91 afios, que indica que los residuos 
de un complejo primario tal vez no dejen indicios macroscépicamente identifica- 
bles en la vida avanzada y sobre todo en la senectud. 
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HERMAN E. HILLEBOE AND RussELL H. Moraan: Mass Radiography of the Chest. 
Pp. 288, with 93 figures, The Year Book Publishers, Inc., Chicago, 1945, cloth, 
$3.50. 


By PAUL C. HODGES 


This little pocket-sized red book, with the fetching sketch on its cover, is a 
timely, authentic, highly usable text of which authors and publishers may well 
be proud. Chapters 2, 3, 10, 11 and 12 deal briefly with the whole problem of 
tuberculosis control and the administrative aspects of chest surveys; the rest of 
the book is devoted to a history of mass radiography, the details of its present-day 
application and a guess as to what its future development may be. The index 
of eight pages is well planned and as complete as it is reasonable to hope for in 
these days of paper and labor shortage. 

The reviewer is intimately acquainted with the authors and their work and, 
therefore, is a prejudiced critic, but no reader can fail to appreciate the excellence 
and freshness of such portions as Chapter 6, which is entitled Physical Factors 
Affecting the Choice of Equipment but is, in fact, a concise, though thorough 
explanation of the physical factors concerned in the formation of X-ray images. 

Radiologists, chest specialists, superintendents of hospitals and sanitaria, lay 
members of agencies connected with tuberculosis control, X-ray technicians and 
servicemen—all these can and will read the book with profit to themselves and 


incidentally to the authors and publishers, who will probably have to reprint 
again and again. 


R. R. Trait, H. J. TRENcHARD AND J. A. Kennepy: Mass Miniature Radito- 
graphy. A Practical Handbook. With Foreword by Lord Dawson of Penn. Pp. 
vit + 96, with 24 illustrations, London, J. & A. Churchill Ltd., 104 Gloucester 
Place, Portman Square, 1943, cloth, 8s. 6d. 


By IRA LEWIS 


It is a far cry in mass miniature radiography from the determination of exposure 
factors by dead reckoning to the automatic selection of optimum factors by means 
of the phototimer. To this extent has this small handbook become outdated. 

This volume describes the organization and operation of a mass miniature 
radiography unit. Much time is spent on the follow-up of positive cases. It is 
questionable whether this problem in its ultimate detail is a part of the function 
of the mass radiography unit. It is also felt that the determination of an individ- 
ual’s fitness for work is outside the realm of the unit. Certainly these subjects 
do not deserve lengthy discussion in a volume of this size. 

The chapter on interpretation of miniature films is recommended for all who 
are neophytes at this type of work. There is quite a variation in viewing 4 
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miniature film in comparison with a conventional roentgenogram of the chest. 
The authors describe many of the pitfalls encountered in miniature film viewing 
that are not considered in any known work at the present time. 

Although much of the text needs revision in view of our present standards of 
equipment, the remarks of Lord Dawson of Penn in discussing mass radiography 
units, in the Foreword to the text, are noteworthy. 

“Tt is none the less to be hoped that the departments will be linked to, if not 
located in, appropriate hospitals in an area large enough to command a complete 
pattern of health and hospital services, and including, where possible, the intel- 
lectual leadership of a teaching (University) hospital. They would thus afford 
an example of that closer co-ordination of hospital and public health services— 
of curative and preventive medicine—essential alike to the progress of medicine 
and the welfare of the community.” 


Epovarp Rist: Les Symptomes de la Tuberculose Pulmonaire. Clinique, 
Phystologie Pathologique, Thérapeutique. Pp. xvi + 594, Masson & Cie, Paris, 
1943. 


By MAX PINNER 


The medical voice of France could not be heard in this country for more than 
four long years. Nowthat communications are being reéstablished, one of the first 
books in our field is by Doctor Edouard Rist, an unchallenged leader in tubercu- 


losis work. It is a good omen that this book, with which broken contacts are 
initiated again, is one of great stature, of mellow maturity and clinical wisdom. 

It may come as a surprise that a book of nearly 600 pages should bear the 
title The Symptoms of Pulmonary Tuberculosis, but the subtitle Clinic, Patho- 
logical Physiology and Therapy more clearly indicates the real scope of this work. 
In the introduction, Doctor Rist says: ‘“Taking the symptoms as theme, I have 
endeavored first to describe them in their nuances and their variations, to place 
them properly within the development of the disease, to define the orientation 
they give in practice in the study of clinical signs and the establishment of 
diagnosis, to show how observing them guides prognostication and controls 
the effects of therapy. In one word, I have made a clinical study of them.” 
He goes on to say that “each symptom is correlated with its causes, analyzed 
in its origin and mechanism, interpreted in terms of its underlying dysfunction.” 

The symptoms of pulmonary tuberculosis are, in fact, simply used as raw 
material for thorough discussions which are mainly in the nature of pathological 
physiology. These discussions are exhaustive, fundamental and always lucid. 
They frequently penetrate to basic questions of normal physiology, anatomy, 
pharmacology or whatever discipline may help to clarify any given subject and, 
at times, they are the starting points for interesting digressions into biography 
and literature. 

The important symptoms of pulmonary tuberculosis are presented in great 
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detail; they are evaluated, explained and analyzed in such a thorough manner 
that the total result is an almost complete text-book on pulmonary tuberculosis. 
The symptom of cough, for example, is discussed on 25 pages, that of hemoptysis 
on 53 pages and that of dyspnea on 159 pages. The entire subject matter is 
centered around symptoms; hence the orientation is unique and, I believe, 
extremely pertinent. It is altogether the mightiest counterweight against 
modern tendencies that might eventually turn the clinician into a desk-worker 
with direct wires to laboratories and roentgenological departments. 

Doctor Rist has not only fully accomplished the task that he outlined for him- 
self, he has written a book of profound interest and of a particular charm. Its 
charm is not easily analyzed. It is not only due to its graceful style, its clarity 
of expression and its careful planning and disposition of each subject matter. 
There are, in addition, a mental simplicity and an intellectual directness, well 
balanced discrimination between the fundamental and the accidental details, 
an alert sense for the historical development and a profound respect for the work 
of important authors. ‘But I can say, at least this: I have read the authors 
whom I quote. I have endeavored to translate exactly their thoughts. As 
much as possible I have made them speak themselves, even at the risk of appear- 
ing long-winded; and in the discussions I have presented the discussors. Science 
is built by human beings. One does not do justice to them if one reduces history 
to a dry catalog of facts and names.” And, in a footnote, Doctor Rist adds: 
“T have always been troubled by the habit that so many medical writers have 
to extricate themselves from all serious and living bibliography by simply putting 
an enumeration of names in parentheses following the expression of an opinion, 
a doctrine or a scientifically derived fact. This procedure is not even polite in 
regard to the readers. It is discourteous towards the authors.” 

Doctor Rist has not attempted to accumulate an all inclusive bibliography; 
he presents a strictly selective list and, in accordance with the principles just 
quoted, he frequently adds some fascinating biographical sketches. Doctor 
Rist’s book is so lively in tone not only because he is master of a lively style but 
because he recreates so well the lives of pertinent authors. 


E. M. Briecer: The Papworth Families. A 25 Year Survey. With a Preface 
by Sir Arthur Salusbury MacNalty. Pp. xii + 674, London, William Heine- 
mann—Medical Books, Ltd., 1944, cloth, 45 sh. American Publishers: Grune & 
Stratton, 381 Fourth Ave., New York, New York, $11.00. 


By MAX PINNER 


The nucleus of Doctor Brieger’s book consists of a detailed clinical report of all 
the members of all the families that have lived in the Papworth Village Settlement 
during the twenty-five years between 1913 and 1938. Particular emphasis is 
given to the fate of the children who lived or were born in the Village, since the 
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feasibility of such tuberculosis settlements depends largely on the demonstration 
that such children are not doomed to high morbidity and mortality from tubercu- 
losis. In the Papworth study extensive use was made of periodic health examina- 
tion, including roentgenological studies and tuberculin tests. 

The entire child population consists of 368 children of whom 108 were born in 
Papworth, while the remaining 260 were born before admission to the Village. 
Of the total, 32 were children of the healthy staff, 77 were exposed in their families 
only to sputum-negative or surgical patients and 151 children had one or more 
sputum-positive patients in their families, while, as stated before, 108 were born in 
the Village. It is most impressive to find that, in the whole group, only 5 children 
had active “childhood tuberculosis” (one in the group exposed before admission 
to sputum-negative cases and 4 exposed to sputum-positive cases) and 9 de- 
veloped “adult phthisis;” the latter were all exposed to sputum-positive cases 
before admission. Of the 108 children born in the Village, 2 had “transient 
perifocal reactions,” 5 showed “residua of primary infection,” but none developed 
frankly active processes; the incidence of radiologically demonstrable calcified 
foci was 42.6 per cent. 

These are some of the basic data which seem to be of prime interest. Doctor 
Brieger presents, of course, a most detailed analysis of these data according to age 
groups, duration of residence, etc. He also explains the socio-economic back- 
ground of the settlement. 

This factual report forms part 2 of the book and occupies 82 pages. In addi- 
tion, Doctor Brieger presents in the Appendix the records of 244 families, most of 
them in the form of epidemiological family charts of the kind which Doctor Opie 
and his associates first used in their epidemiological studies in the Phipps In- 
stitute in Philadelphia. 

This meticulously careful presentation of the raw data will make it possible 
for statisticians to decide to what extent general conclusions may be based on 
this material. On its face value it seems obvious that the Papworth experiment 
has demonstrated that, given proper conditions, children can live in a tuberculous 
milieu without incurring an excessive tuberculosis morbidity. However, Doctor 
Brieger justly points out that the majority of children have not reached maturity 
and that further observations will have to determine their eventual fate in the 
critical ages of puberty and adolescence. 

To quote from the Preface by Sir Arthur Salusbury MacNalty—‘Dr. Brieger 
has not been content to present this remarkable survey by itself. He has penned 
a copious historial introduction, and discussed at length epidemiological con- 
siderations and pathological implications, some of which have led him far afield 
from the main subject of inquiry while others are of a highly controversial 
nature.” 

One may add that the historical introduction of some fifty pages does not deal 
with tuberculosis settlements or rehabilitation schemes but ranges far and wide 
through the history of the pathology and clinic of tuberculosis, tracing the 
opinions concerning the contagiousness of tuberculosis, starting unavoidably 


er | 
is. 
is 
st 
er 
ts 
ty 
r. 
ell 
ls, 
rk 
ir- 
ce 
ry 
S: 
ve 
ng 
mn, 
in 
y; 
ist 
or 
ut 
& 
all 
nt 
is 
e 


168 BOOKS 


with Hippocrates. This introduction does not clarify the subject; it contains 
statements of most questionable validity, for example on p. 18, “there can be no 
doubt that he [Hippocrates] was describing the caseous focus in the lung which 
we call today ‘round focus’ or tuberculoma”’ [that is, when he speaks of phymal]; 
this discussion has tenuous, if any relation to Doctor Brieger’s Papworth study. 
The “epidemiological considerations and pathological implications” are not only 
“highly controversial” but, to a large extent, not pertinent; they lack, in this 
reviewer’s opinion, lucidity and perspective; they do not add to, but rather de- 
tract from the solid validity of the Papworth study itself. They are the kind 
of discussions in which one may well indulge in camera, but they are hardly 
sufficiently ripened nor documented for published conclusions. As examples 
one may mention the vague and rather confusing paragraphs on The Nature of 
Round Foci or the ill defined usage of the terms “‘initial focus” and ‘‘initial phase” 
which are apparently used at times in reference to the primary lesion (or infec- 
tion) and then again in reference to incipient clinical disease. 

It is necessary to return once more to the solid factual observations of the 
Papworth children—not only to stress again their value, but also to lodge a 
protest against some features of poor technical organization of the presentation. 
It makes reading and understanding unnecessarily difficult that the numerous 
tables are treated in five different ways: (/) tables in the text, numbered as is 
customary; (2) idem, but, for unexplained reasons, not numbered; (8) tables 
numbered and with an asterisk which, one learns by referring to a footnote on 
p. 74, are contained in the Appendix and, since no page numbers are cited, are 
difficult to find in a book of some six hundred pages; (4) tables in the bibliography, 
numbered according to the original publications in which they appeared; (5) 
idem, but not numbered. One may add a sixth type of table, namely, absent 
ones. Table 7 which is repeatedly referred to.in the text, and contains ap- 
parently important information, could not be found anywhere in spite of careful 
search by three persons. 

The bibliography also is not arranged for the reader’s convenience: part of 
it is annotated which is most welcome; but if one wishes to know author, title 
and place and time of publication one is obliged to look in two or three different 
places. 

The factual information which this book contains is worthy of widest publicity. 
The Papworth work is fundamentally important and might well serve as shining 
example for future, much needed rehabilitation projects. The clinical experience 
of the first twenty-five years of its existence is knowledge that should be available 
to all workers connected with rehabilitation and its epidemiological implications 
will have to be considered in future discussions. 

A simple report of the facts, stripped of all speculative introductions and con- 
elusions, would probably more easily reach all those who should read it. 
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Atvan L. Baracu: Principles and Practices of Inhalational Therapy. Pp. xvi 
+ 315, with 59 illustrations, J. B. Lippincott Company, Philadelphia—London— 
Montreal, 1944, fabrikoid, $4.00. 


By GEORGE C. LEINER 


Inhalational therapy is being used in modern medical practice to an ever increas- 
ing extent. Doctor Barach states in the preface that “this book is intended for 
physicians who wish to understand the physiologic basis as well as the technics 
of inhalational therapy.” ‘This purpose has certainly been achieved by the 
author who by his investigations has contributed much to the rapid progress in 
this field. After a chapter on Historical and Physiologic Background of Inhala- 
tional Therapy, the pathological physiology and the advisable method of inhala- 
tional therapy are presented for conditions such as altitude sickness, pneumonia, 
edema of the lungs, congestive heart failure, coronary thrombosis, shock, pul- 
monary infraction, massive collapse of the lung, postoperative atelectasis, bron- 
chial asthma, obstructive lesions in the larynx, trachea and bronchi, pulmonary 
emphysema, accidental asphyxia, asphyxia of the newborn, hemorrhage, pe- 
ripheral arteriosclerosis, migraine, seasickness, gas gangrene, tetanus, war-gas 
poisoning and many more. In the chapter on pulmonary tuberculosis, Doctor 
Barach’s recent experience with the equalizing-pressure chamber is presented. 
In other chapters, the different methods, gases and apparatus used for inhala- 
tional therapy are described in detail, so that the book is of real interest and value 
not only to physicians but also to nurses and technicians who handle the equip- 
ment. There is a chapter on Research in Respiratory Function and Inhalational 
Therapy, which stimulates further experimental and clinical studies. Each 
chapter is followed by a bibliography and there is a good index. This book 
is timely and practical; it covers comprehensively inhalational therapy, as could 
be expected from an author who himself has such an extensive experience in this 
field. It is particularly commendable that both the fundamental and practical 
features are presented concisely and lucidly. This book should be kept handy 
next to each gas tank used for treatment. 


Harry S. Mustarp: An Introduction to Public Health. Second Edition. Pp. 
ix + 2838, New York, The Macmillan Company, 1944, cloth, $3.25. 


By IAGO GALDSTON 


Harry S. Mustard’s Introduction to Public Health is precisely what its title repre- 
sents it to be, a work designed “‘to orient the student in the field of public health.” 
It offers the reader a background of information and the premises for a philoso- 
phy of public health. Of the two, information predominates. The reverse 
would have been preferable, for the beginner is much more in need of under- 
standing than of bulk knowledge. Besides, Professor Mustard is a sage and elo- 
quent philosopher, and in following the text one comes upon many nuggets of 
fine writing and wise insight which are both delightful and stimulating. The 
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Introduction to Public Health can also be described as a small encyclopedia on 
public health. The 23 pages of the index show how large a field the book covers 
and, incidentally, the index itself adds greatly to the value of the work. As is 
to be expected, in some parts the work suffers because of its brevity. It isn’t 
possible to do “justice” to the subject of health education in two pages of text, 
nor to the public health aspects of mental disease in like length. 

On the other hand, the book 7s an Introduction. The handicap of brevity 
could be amended by an extensive bibliography. 

In this respect the book falls short of its otherwise high merit. The work can 
be warmly recommended to the student in public health and more particularly 
to all those who are ancillary workers in the fields of ‘health and medicine,” 
such as health educators, biology teachers, social workers and nurses. 


SrarrorD L. OsBoRNE AND Harotp J. Houmquesr: Technic of Electrotherapy. 
And Its Physical and Physiological Basis. Pp. xix + 780, with 240 figures and 
72 tables, Charles C Thomas, Springfield, Illinois—Baltimore, Maryland, 1944, 
cloth, $7.50. 


By KARL HARPUDER 


The authors, teachers of Physical Medicine at the Northwestern University 
Medical School, although not physicians, have suceeded in this volume of approxi- 
mately 750 pages to give the medical profession and the technicians a scientific, 
clear and sufficiently but not superflously detailed course in Electrotherapy. 

The book consists of four parts dealing with Direct Current, Electric Muscle 
Stimulation, Radiation and High Frequency Currents, respéctively. The 
physical principles of electrotherapy are carefully and comprehensively explained 
in the text, while the initiated or more arduous student will find further instruc- 
tion in footnotes. The known physiological effects of each modality are criti- 
cally discussed and, as a rule, this review on physiology reaches the high standards 
of the chapters on physics. Indications and contraindications of therapeutic 
applications are briefly enumerated and the techniques of application thoroughly 
explained. 

Because the book offers so much and so valuable information to the serious 
student in electrotherapy, the reviewer likes to make some critical suggestions. 
Why does muscle stimulation occupy one of the four main parts of the book 
which is otherwise subdivided on physical principles? The detailed discussion 
of electrophysiology is not quite up to date and entirely neglects nervous conduc- 
tion and transmission. Clinical observations of little value are quoted with 
some frequency, for example, pages 37, 62, 159, 160. -A few errors appear in 
scattered places: for example, page 31, conduction in a solid conductor depends 
upon free ions; or page 33, perspiration, an excellent electrolyte. These are 
only minor criticisms. The book is highly recommended for the physician and 
the medical student who wants to familiarize himself with electrotherapy. 


| 
if 
| 
i 
j 
i 
7 
{ 
th 
| 
u 


BOOKS 171 


Rupour A. Stern: Trauma in Internal Diseases. With Consideration of Experi- 
mental Pathology and Medicolegal Aspects. Foreword by Francis Carter Wood. 
Pp. zxiv + 575, Grune & Stration, New York, 1945, cloth, $6.76. 


By EMANUEL GOLDBERGER 


This volume attempts to describe the relations between nonpenetrating trauma 
and the development of internal disease. Doctor Stern does this by means of 
an exhaustive survey of the American and European literature, his own wide 
experience and postmortem observations. 

The book is divided into twenty chapters. There are separate chapters for 
diseases of the heart, arterial diseases, diseases of the veins and essential hyper- 
tension. Then follows a discussion of diseases of the lungs and pleura, diseases 
of the gastro-intestinal tract, liver, biliary system, pancreas, and chapters on 
appendicitis and peritonitis. The remainder of the book discusses kidney 
diseases, malignant neoplasms of internal organs, disorders of metabolism and, 
finally, diseases of the blood and lymphatic system. A big order! 

There are many difficulties that beset the path of him who tries to establish 
relations between an injury or an accident and the development of a disease 
process in an internal organ. One of the biggest barriers that has hindered 
knowledge of these relations is the economic and very real issue of compensability 
which hangs like a heavy cloud over the entire field. It would be a wise man 
who could divorce compensability from the determination as to whether a 
cause-effect relationship existed between an injury and the development of 
disease in the internal organ. Even when postmortem observations prove 
the presence of disease it does not necessarily follow that trauma was either the 
sole cause, a contributing cause or an aggravating cause of it. This is true 
throughout the entire field of internal medicine. 

While it is reasonable to assume that rupture of an otherwise normal heart in a 
boy of 10 who had been knocked down and stepped upon could be due to this 
injury (page 38), it is questionable whether a blow on the head which resulted 
in no abnormal neurological signs and no alterations of spinal fluid was the cause 
of hypertension of “traumatic” origin due to “an injury to the vasomotor centre 
(small hemorrhage?)”’ (page 181). The author feels that severe physical strain 
can lead to the same injuries of internal organs as external trauma which com- 
presses the chest or abdomen. This may be true but it is a very difficult matter 
to prove. 

After perusing the book one comes away with the feeling that in cases where 
the relations between trauma and internal disease are not completely established 
the author tends to favor the injured workman. Such an attitude is laudable, 
but good intentions do not always fall within the realm of scientific procedure. 
Throughout the book there are cited many of the decisions handed down by the 
courts and workmen’s compensation boards concerning the relations between 
trauma and internal disease. Doctor Stern rightfully dissents from many of 
these decisions. Here again, the processes of legal reasoning do not necessarily 
run parallel to the methods of scientific observation. 


n 
rs 
is 
’t 
t, 
ty 
ly 
LE 
y 
C, 
y. 
le 
C- 
1s 
ic 
ly 
s. 
yk 
n 
h 
n 
d 


172 BOOKS 


The book is of interest to the legally-minded physician and to the lawyer who 
deals with medico-legal problems. 


Brief Comment 


Tuberculosis in the United States. Graphic Presentation. Volume 2. Propor- 
tionate Mortality Statistics for States and Geographic Divisions by Age, Sez 
and Race. Prepared by the staffs of the Division of Public Health Methods and the 
Tuberculosis Control Division, U. S. Public Health Service, under the direction of 
Carroll E. Palmer, M.D. Medical Research Committee, National Tuberculosis 
Association, 1944, paper. 
The following paragraphs, reprinted verbatim from the Foreword, state clearly 
the purpose and scope of the present volume. 
‘The volumes in this series, Tuberculosis in the United States, Graphic Presenta- 
tion, are the result of a cooperative undertaking by the National Tuberculosis 
Assocation and the United States Public Health Service. The basic data were 
made available by the United States Bureau of the Census. 
“The first volume of the series presented, for each State, tuberculosis mortality 
rates by age for the several race and sex groups. Such rates relate tuberculosis 
deaths to their corresponding populations and are without doubt the best indices 
of the current status and of changes in tuberculosis mortality. However, the 
accurate data on population composition required to compute mortality rates 
specific for age, sex and race for given localities are available only for the census 
years, and rates for intercensal years become progressively less reliable. Further- 
more, population shifts brought about by the war make population estimates 
even more unreliable so that it has become difficult to evaluate trends in tubercu- 
losis mortality in many parts of the country. Consequently, there is need for a 
usable index of the trend and current change in tuberculosis mortality which is 
independent of population enumeration. The present volume is an attempt to 
meet that need by means of ‘mortality ratios,’ usually known as ‘proportionate 
mortality,’ which relate tuberculosis deaths to deaths from all causes.” 
“The present volume presents two charts and one table for the United States, 
each geographic division, and each State. The table contains, for each of the 
three-year periods, 1919-21, 1929-31 and 1939-41, the number of deaths from 
all causes and the percentage of those deaths that are due to tuberculosis (all 
forms) by age, sex and race. Comparable distributions of the number of deaths 
from tuberculosis (all forms) are available from Volume 1 in the series. The 
charts in this volume present for each area: 
4. Deaths from tuberculosis (all forms) as percentages of deaths from all 
causes, by age, sex and race, 1939-41. 

5. Deaths from tuberculosis (all forms) as percentages of deaths from 
all causes, by age, 1919-21, 1929-31 and 1939-41. 

“For the period of 1939-41, three additional charts are included; these present 
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by State the proportionate mortality from tuberculosis (all forms) standardized 
for age. The first is a map chart, giving this standardized ratio for all races. 
The other two are bar diagrams, one for the white group in each State, and the 
other for the nonwhite group in each State with an enumerated nonwhite popula- 
ton of 100,000 or more in 1940. The distribution by age of the deaths from all 
causes, for both sexes and all races, for the period of 1939-41 was selected as the 
basis for the standardization. The small and insignificant proportion of deaths 
from tuberculosis among persons of unknown age was disregarded in calculating 
- the standardized rate.” 
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AMERICAN TRUDEAU SOCIETY 
Report of the Committee on Rehabilitation 


Dr. Benjamin L. Brock, Chairman 
Dr.N.'Stanley Lincoln Dr. E. 8. Mariette Dr. Grant Thorburn 


Rehabilitation is defined by the National Council on Rehabilitation as the 
“restoration of the handicapped to the fullest physical, mental, social, vocational 
and economic usefulness of which they are capable.” 

The Committee is of the opinion that rehabilitation of the patient rightly 
begins in the clinic after the diagnosis of tuberculosis has been made. It is 
further believed by the Committee that a strong social service department in the 
clinic is an important part of the rehabilitation program. Frequently the 
medical social worker assists the patient toward gaining an insight into his 
social, economic and emotional problems and helping him toward a solution of 
them. After this he is better able to make decisions regarding his future med- 
ical care and, perhaps, a new way of life. 

Any good in-sanatorium rehabilitation program should include several closely 
related activities: social service, occupational therapy, vocational testing, coun- 
seling and prevocational training of various types, and patients’ educationai 
activities. The ultimate aim is to find patients’ vocational possibilities and to 
see that necessary training is obtained, so that employment may become available 
when the patient’s physical condition permits and after training has been com- 
pleted. If these occupational plans are carried out the dangers of relapse are 
greatly diminished. The program has a distinct practical value to the com- 
munity and to the nation, for it is definitely a part of the tuberculosis control 
program as well as a part of the program to insure manpower. In addition, it 
provides a goal for the patient which aids in maintaining his morale and in ob- 
taining his codperation in the prolonged treatment required in tuberculosis. 

Even though we have known the unmet needs of our disabled tuberculous 
patients and have charted for many years workable plans for their rehabilitation, 
these needs have remained unmet. The chief reasons for this failure may be 
given as follows: 


1: With the exception of the physical restoration of the patient the physician has shown 
a lack of interest in a planned program of rehabilitation. 

2: This may in part have been due to the fact that governing boards and health depart- 
ments could not find sufficient funds for their budgets for purposes other than case- 
finding and treatment of the physical condition. 

8: This attitude also may have been due to the fact that, in many small and some large 
institutions where there is a lack of beds for the tuberculous, the turnover of patients is 
too rapid to make an in-sanatorium rehabilitation program workable. 


Such causes for failure and the inequities in the general program of rehabili- 
tation will undoubtedly continue. With the passage, however, of the Barden- 
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LaFollette Act of 1943 by Congress, we have for the first time a firm foundation 
on which a constructive program of rehabilitation may be built. 

The Barden-LaFollette Act provides for the rehabilitation of disabled ci- 
vilian tuberculous patients, as well as others, on a federal-state basis. This 
applies to any civilian patient, regardless of whether he is in a private or govern- 
mentally administered institution, or whether he is under the care of a private 
physician. The federal government is permitted to assume all necessary state 
administrative costs and the cost of vocational advisement and counseling. The 
cost of vocational training, however, is shared by the state and federal govern- 
ments on a fifty-fifty basis. Vocational counseling, training and placement 
are available at no cost to the civilian tuberculous patient. This service is 
available not only to patients who have been discharged as apparently arrested 
or arrested cases in the state post-sanatorium program, but it is available to in- 
sanatorium patients who have a good chance for recovery and who may be 
accepted while still in the sanatorium by the state department of vocational 
rehabilitation as clients. The extent to which any state department of voca- 
tional rehabilitation may go in its training program, both in and out of the 
sanatorium, will be dependent upon the amount of money made available to it 
by the state legislature. 

In addition to the above, we have been informed that the U. 8. Public Health 
Service, through its new Bureau of Tuberculosis Control, will furnish grants-in- 
aid to tuberculosis out-patient clinics where such requests are made through the 
state health officer and when such requests are approved by him. Medical 
social workers and clerks may be obtained in this way. 

It is the Committee’s recommendation that medical directors of sanatoria 
who have not already done so make plans for organizing both in-sanatorium and 
post-sanatorium rehabilitation services for their patients. The Committee 
recommends that the larger institutions should have departments established 
within them with full-time personnel for the most part. For small sanatoria 
where this might not be practical, it will be possible, according to information 
received from one of the regional representatives of the Office of Vocational 
Rehabilitation, to obtain the services of key workers on a part-time basis through 
the state agency. Medical directors are urged to contact their state department 
of vocational rehabilitation for the purpose of securing the latest information 
relative to the establishing of rehabilitation programs according to their partic- 
ular needs. 

Notices of the availability of vocational rehabilii.tion services through the 
state department of vocational rehabilitation have been published by the Com- 
mittee on Rehabilitation of the American Trudeau Society in the News Letter. 
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BLOOD CELL COUNTS! 
Their Statistical Interpretation 
WILLIAM N. BERG? 


SYNOPSIS 


I. Purpose 


II. The Red Cell Count 
(1) Distribution of red cell counts: one source of variation, random streaming 
(2) Distribution of red cell counts: several sources of variation 
(3) Problem 1: What information is obtainable from a single red cell count? 
(4) Problem 2: What methods may be used in determining that a single chamber- 
count is correct? 
Method 1: The count conforms to a criterion—a table of ranges 
Method 2: Comparing the actual with the theoretical Poisson distribution 
Method 3: Comparing the obtained 16-square counts with others in the 
literature 
(5) Problem 3: How large a difference between two consecutive red cell counts on 
the same blood may be due to random sampling? 
Method 1: Comparing an obtained difference with others in the literature 
Method 2: The difference conforms to a criterion—a table of ranges 
Method 3: Calculating, from a formula, the probability that the difference 
could be produced by random sampling 
Method 4: Can a population be found (table 2) from which both counts were 
probably drawn? 
(6) Problem 4: Are two red cell counts better than one? 


III. The Total White Cell Count 
(1) Distribution of total white cell counts under conditions of careful routine 
(2) Problem 5: What information is obtainable from a single total white cell count? 
(3) Problem 6: What methods may be used in determining that a single chamber- 
count of total white cells is correct? 
Method 1: The count conforms to a criterion—a table of ranges 
Method 2: Comparing counts on single square millimeters with others in the 
literature 
Method 3: Comparing the actual with the theoretical Poisson distribution 
(4) Problem 7: How large a difference between two consecutive total white cell 
counts may be due to random sampling? 
Method 1: The difference conforms to a criterion—a table of ranges 


1The Committee on Evaluation of Laboratory Procedures asked Mr. William N. Berg 
to prepare a report on the statistical evaluation of blood counts. The result is this paper. 
The huge amount of work invested in this study will be obvious to any reader. But, since 
this work is entirely that of Mr. Berg, the Committee could not possibly appropriate it as 
its own report. However, the Committee is deeply grateful to Mr. Berg and wishes to 
recommend his paper to the careful attention of the readers of the Review. 

2225 West 106th Street, New York 25, New York. 
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Method 2: Comparing an obtained difference with others in the literature 
Method 3: Calculating, from a formula, the probability that the difference 
could be produced by random sampling 
Method 4: Can a population be found (table 7) from which both counts were 
probably drawn? 
(5) Problem 8: Are two total white cell counts better than one? 


IV. The Neutrophil Count 

(1) Distribution of neutrophil counts 

(2) Problem 9: What information is obtainable from a single neutrophil count? 

(3) Problem 10: What methods may be used in determining that a single neutrophil 
count is correct? 

Method 1: Make two counts in 2 x 100 white cells. Treat difference as in 
problem 11. 

(4) Problem 11: How large a difference between two consecutive neutrophil counts 
on the same blood, on the same or on different smears, may be due torandom 
sampling? 

Method 1: Comparing an obtained difference with others in the literature 

Method 2: The difference conforms to a criterion—a table of ranges 

Method 3: Calculating, from a formula, the probability that the difference 
could be produced by random sampling 

Method 4: Can a population be found (tables 11 and 12) from which both 
counts were probably drawn? 

(5) Problem 12: Are two neutrophil counts better than one? 


V. The Lymphocyte and Monocyte Counts 


VI. Small Percentage Counts—Léss than 5 per cent 


I. PURPOSE 


The main purpose of this paper is to describe the statistical aspects of blood 
cell counting so that the worker can make his own tests of significance by reading 
a table. First, the statistical distribution of a blood cell count and its impli- 
cations are discussed. Then, problems that arise in blood cell counts are dis- 
cussed with reference to the use of statistical concepts as aids in their solution. 

Most of this paper is taken up with a series of comparisons between counts 
obtained in careful routine and research and the corresponding data obtained by 
mathematical-statistical methods. 

Accuracy of figures: Due to rounding of fractions, to the nearest whole number, 
figures may be in error by one-half of one cell. 

History: The stages in the development of the hemacytometer and counting 
methods are described by Plum (1). 

All counts or differences between counts, so large that they can be produced by 
random streaming or sampling only 5 times in 1,000 trials, are regarded as in- 
correct or due to a change in the count. Charts 1 to 12 were drawn for this 
level of significance, 5/1000. Other levels of significance be selected from the 
tabulated data. 
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Il. THE RED CELL COUNT 


(1) Distribution of red cell counts: one source of variation, random streaming: 
Let it be assumed that from a large single dilution of blood from hypo- 
thetical patient number 3,000,000, 1,000 correct red cell counts were made, 
each on 80 squares, using 1,000 identical counting chambers. Assume that the 
mean count is 300. The counts are shown in table 1, line 3. That the counts 
will be as indicated is shown by numerous investigations designed to test the 
agreement between statistical theory and actual count. Among these are the 
works of Plum (1) and Berkson, Magath and Hurn (2). 

Line 3 may be read together with line 1 as follows: there were 21 counts 
(line 1) of 248 to 264 red cells; (line 3, columns 2 and 3): 136 counts of 265 to 
282; 341 counts of 283 to 299 red cells, and so on. The mean of these 1,000 
counts, 300 red cells, is shown on line 3, column 5. This may lead to a calcu- 
lation of 3,000,000 red cells per mm.* It should be noted that 300 is an actual 
count: 3,000,000 is not a count, but a calculation based on a count. 


TABLE 1 
Normal distributions of correct red blood cell counts obtainable from a single dilution pipet 


a.m NUMBER OF COUNTS, OUT OF 1,000, THAT WILL FALL BETWEEN THE COUNTS BELOW 


1 | 21 136 341 341 136 21 


Column number 


1 3 4 5 6 7 


i on Number of red blood cells on 80 squares each 1/400 mm.? 


Mean 
2,000,000 158 172 200 214 228 242 
3,000,000 248 265 300 317 335 352 
4,000,000 340 360 400 420 440 460 
5,000,000 433 455 500 522 545 567 
6,000,000 527 551 600 624 649 673 
7,000,000 621 647 700 726 753 779 


There are two extreme counts at the right and left ends of each line that have 
been omitted from table 1, but are included in the calculations. 

Since the blood of patient number 3,000,000 was counted correctly 1,000 times, 
why should the counts vary from 248 to 352 red cells? They vary because 
there are “chance” or ‘“‘purely accidental” variations in the way the red cells 
stream across the squares in the chamber. 

The probabilities (line 1) of obtaining the various counts from the same di- 
lution pipet may be considered in interpreting the count. Each line from 2 to 7 
may be considered a base line to a normal curve; the curve is omitted since 
it is not needed here. All counts on each line cannot be shown for lack of space. 
Line 2, for example, starts at a count of 156, 157, 158, 159 up to 242, 243, 244. 
Each count is an abscissa. | 
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On each line, the interval between two columns (standard deviation) is the 
square root of the mean count. Thus, for line 4 for the mean count of 400 red 
cells, the interval is the square root of 400, that is 20 red cells. Intermediate 
lines can be calculated easily from this relation between mean blood count and 
line interval (standard deviation). Barlow’s Tables of Squares, Cubes, Square 
Roots (3) will be found very helpful. 


Work of Plum (1): Plum’s red cell counts may be chosen for study because their vari- 
ation is due only to random streaming. In his Experiment 1, a standard dilution of ear- 
blood, diluted 1:200, containing 4.55 million red cells per mm.’ was used to fill the same 
chamber 17 times. ‘The red cell count is put down for every 16 small squares and 20 
such groups are counted in each chamber.”’ There were published 340 counts on 340 
groups of 16 squares. There were, therefore, 68 counts on 80 squares, on the same blood 
in the same counting chamber. Mean of 68 counts was 461.0 red cells. The rangewas 
from 412 to 515 red cells. Plum found excellent agreement between statistical theory and 
actual counts. All 68 of the above counts should, and they do, fall on one line in table 
1, between lines 4 and 5, for hypothetical patient number 4,610,000. 


(2) Distribution of red cell counts: several sources of variation: According 
to Berkson, Magath and Hurn (2), table 1 may be used in interpreting a 
count made under some research conditions, but not as made in careful rou- 
tine. In table 1, it is assumed that all chambers used measured exactly 1 
mm. x 1 mm. x 0.1 mm. and the dilutions were all exactly 1 plus 199. Accord- 
ing to Berkson (2) the line intervals (standard deviation) in table 1 


should be corrected by adding the variations due to differences in size of chamber 
and pipet. In their work, involving several hundred counts, chambers and 
pipets differed in their sizes, but were within the tolerances prescribed by the 
National Bureau of Standards (4). The largest permissible chamber will hold 
108 per cent of the contents of the smallest permissible chamber. The tolerances 
prescribed in 1925 and 1944 are the same. The Bureau is prepared to test a 
hemacytometer chamber and certify its depth and the dimensions of its central 
millimeter square. (Personal communication.) 

Table 2 was calculated with the aid of Berkson’s formula 5 (2). From formula 
5, one can calculate the line interval (standard deviation) to include three 
sources of variation: (a) random streaming of cells over chamber squares, (b) 
variations in chamber size and (c) variations in dilution pipets. Whereas the 
line interval was 17 red cells for a count of 300 in table 1 (line 3), this is in- 
creased to 25 red cells for the same count in table 2 (line 12). Corresponding 
data in the two tables are not very different because the greater part of the 
variation in chamber-count is due to random streaming. 

Reading table 2: Table 2 is read just asis table 1. For example, lines 1 and 
12 are read together as follows: if it were possible to make a patient-count, 
that is, to count all the red cells in 1 mm.? of blood while it is in the patient, and 
the number were 3,000,000, then, if 1,000 chamber-counts were made under 
conditions of careful routine with any chamber and pipet at hand, these counts 
would be distributed as shown on line 12. There would be 21 counts (line 1) of 
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TABLE 2 
Normal distributions of correct red blood cell counts under conditions of careful routine 
Based on Berkson’s (2) Formula 5 


NUMBER OF COUNTS, OUT OF 1,000, THAT WILL FALL BETWEEN THE COUNTS BELOW 


21 136 341 341 


Column number 


1 3 4 5 6 


Patient 
amines Number of red blood cells on 80 squares each 1/400 mm.? 


Mean 
182 200 218 236 
191 210 229 248 
200 220 240 259 


210 230 250 271 
219 240 261 282 
228 250 272 294 


237 ' 260 283 305 
247 293 317 
256 2 304 328 


> 
o 


eon 
ss 


265 315 340 
275 300 325 351 
284 336 362 


2,900 
3,000, 
3,100 


293 347 374 
302 358 385 
312 368 396 


~ 
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321 379 408 
330 390 419 
340 400 430 


S55 


349 411 442 
359 421 453 
368 432 464 


CW 


377 443 475 
387 453 487 
396 464 498 


~ ~ 


~ 


838 


~ 


405 475 510 
414 486 521 
424 496 532 


SE5 
228 


433 507 544 
442 
452 567 
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| 
1 | a 136 21 
r- | 7 | 8 
| 
| 
2 | 2,000,000} 146 164 254 
” 3 2,100,000 | 154 172 266 
d 4 | 2,200,000} 161 | 181 279 
5 | 2,300,000] 169 | 189 | 291 
6 2,400,000 | 177 198 303 
7 2,500,000] 184 206 | 316 
| 192 215 | 328 
9 3, | 200 223 | 340 
l 10 | 2, | 208 232 352 
| il | 216 | 240 364 
: 12 | 224 | 249 376 
13 231 | 258 389 
14 | 239 | 266 401 
l 15 | 247 275 413 
16 | 255 | 284 425 
) 17 | 263 | 292 437 
18 |} 271 | 301 449 
19 | 280 | 310 | 360 
20 | oss | | 472 
21 ; | 296 | 327 484 
| 22 | | 304 | 336 | 496 
| 
23 «C&L, | 312 | 345 508 
yan | | 3200 | 353 | 520 
2 | 328 362 | 532 
26 | 4, | 335 370 545 
a7 | 4, | 343 379 557 
28 | 4, | 351 388 | 569 
| |} 
29 «CO | 359 | 396 | 581 
30 367 | 405 | 593 
31 | | 375 | 413° | 605 
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TABLE 2—Concluded 


NUMBER OF COUNTS, OUT OF 1,000, THAT WILL FALL BETWEEN THE COUNTS BELOW 


21 136 341 341 136 21 


Column number 


1 3 2 5 6 7 


oe Number of red blood cells on 80 squares each 1/400 mm.? 


| 


,000 , 000 383 422 461 500 539 578 
391 431 470 510 550 589 
399 439 480 520 560 601 


407 448 530 571 612 
415 457 582 623 
423 465 592 635 


431 474 603 646 
439 483 614 657 
447 491 624 669 


~ 


Or Or or 


455 500 635 680 
463 509 646 691 
471 518 656 702 


838 


~ 


479 526 573 667 714 
487 535 582 678 725 
496 544 592 688 736 


£22 /888| 


~ 


504 553 601 748 
512 561 611 759 
520 570 620 770 


528 579 629 781 
536 588 639 792 
545 596 648 804 


564 618 671 832 
584 639 695 861 
603 660 718 890 
622 682 741 918 978 


224 to 248 red cells (line 12); 136 counts of 249 to 274; 341 counts of 275 to 299 
and soon. The mean of these 1,000 counts is 300 (line 12, column 5) red cells 
counted on 80 squares. 

Intermediate lines, if needed, may be calculated by adding or subtracting 
from the mean, the nearest line interval. 

Each line from 2 to 56 may be considered a base line to a normal curve; the 
curve is omitted since it is not needed here. It is not practical to show all the 
counts belonging on aline. If this were done, line 12 would read: 222, 223, 224, 


184 
une | 
NUMBER | 
| | 
| 
re 
32 5 617 
33 «| 5 629 
34 «15 | 641 
| 
35 | 5,300,000 653 
36 5,400,000 665 
37 5,500,000 677 
689 
39 701 
40 | 713 
41 | 725 
42 | 737 
43 | | 749 
44. | 761 
45 | | 773 
46 | | 784 
47 | 6,500,000 796 
48 | 6,600,000 8C8 
49 | 6,700,000 820 
50 6, 800,000 | 832 
51 6,900,000 844 
52 | 7,000,000 | 855 
53 | 7, 250,000 
54 7,500,000 
55 | 7,750,000 
56 | 8,000,000 
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225 and so on up to 378. The outermost two counts are not shown in the table, 
although they are included in calculations. 


(3) Problem 1: What information is obtainable from a single red cell count? 
Given a single chamber-count of 464 red cells on 80 squares, made under condi- 
tions of careful routine. What is the patient-count, that is, the count if it 
could be made while the blood is in the patient? 

Referring to table 2, line 32, column 5, it may be noted that the blood of 
patient number 5,000,000, containing 5,000,000 red cells per mm.'*, could be 
counted as 464 on 80 squares. For if 1,000 simultaneous chamber-counts were 
made on this patient, 341 counts (line 1) would fall between 461 and 500 red 
cells (columns 4 and 5). The blood of patient 4,000,000 will be counted 464 
exactly (line 22, column 7). The blood of patient 6,000,000 will be counted as 
464 exactly (line 42, column 2), but not so frequently. 


TABLE 3 


Different probabilities of obtaining the same chamber-count, 464 red cells on 80 squares, from 
different patients 


PROBABILITY OF OBTAINING A COUNT NUMBER OF COUNTS OUT OF 10,000 
PATIENT NUMBER OF EXACTLY 464 RED CELLS ON THAT WILL BE EXACTLY 464 RED 
80 SQUARES CELLS ON 80 SQUARES 


0.0108 108 
0.0067 67 
0.0017 17 
0.0001 1 
0.0001 1 


Trying to decide which blood furnished the dilution that was counted is a 
problem in statistical mathematics known as ‘finding a universe (in this case, 
a large number of related patient-counts) from which the given sample (the 
chamber-count) may reasonably have been drawn.” The sample may have 
been drawn from a number of universes, the probabilities of the drawing differ. 

It may be noted in table 3 that the probability, 0.0108, of obtaining a count of 
464 red cells from blood containing 4,640,000 red cells per mm.’ is greater than 
the probability of obtaining this same chamber-count on any other blood. But 
this does not in any way prevent the drawing of counts of 464 in other blood 
samples, in proportion to their respective probabilities. 

Events having very small probabilities will happen. While there is only 
one chance in 10,000 (P = 0.0001) that a chamber-count of exactly 464 red 
cells on 80 squares will be obtained from patient number 6,000,000 (table 3), 
such an event, and others comparable to it, will happen. There are 
over 1,000,000 hospital beds in the United States. This implies several million 
blood counts annually. If there are 1,000,000 counts annually on patient num- 
ber 3,720,000 in the United States, the blood of this patient is counted as 
464 red cells on 80 squares, close to 100 times. This is the probability, 
0.0001, multiplied by the number of counts, 1,000,000. 


4,640,000 
5,000,000 
4,000,000 
6,000,000 
3,720,000 
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Chamber-counts greater than the mean plus twice the standard deviation 
(table 2, counts greater than column 7) and chamber-counts less than the mean 
minus twice the standard deviation (table 2, counts less than column 3) are in 
the literature. They represent counts associated with small probabilities. Of 
course, they must not be rejected offhand. Those who desire to work at a 95 
per cent confidence limit may use table 2, ignoring 23 counts that are less than 
(to left of) column 3 and 23 counts greater than (to right of) column 7. 
Columns 3 and 7 include 954 counts out of 1,000, 954 being the sum of (line 1) 
136, 341, 341, and 136. Working at the 95 per cent confidence limit means 
willingness to assume the risk of making errors of interpretation in 50 out of 
1,000 correct counts. 


Berkson (5) and associates made 10 chamber-counts on one specimen of blood. On 
40 different specimens, 400 counts were made. Among these are the following 10 counts 
on one specimen of blood, using 10 different pipets into 10 different chambers: (their 
table 1, Exp. 9) 495, 464, 461, 513, 500, 450, 482, 572, 444, 523: mean, 490.4 red cells 
counted on 80 squares. Referring to table 2, line 31, column 7, it may be noted that one 
of the foregoing counts, 572, lies beyond the mean plus twice the standard deviation, 
567 in this case. If 1,000 counts had been made on this specimen, there would have been 
only 23 counts out of the 1,000 exceeding 567. Five such small-probability counts were 
found in the above-mentioned publication. Generally, these smail-probability counts 
cannot be found because there were too few counts on the same blood. 


The answer to problem 1 is: a count of 464 red cells on 80 squares will be 
obtained on blood specimens containing anywhere from 3,720,000 (table 2, 
line 19, column 8) to 6,000,000 red cells per mm.’ (table 2, line 42, column 2). 
Another example: a count of 292 red cells was obtained. Any blood will be 
counted as 292, beginning with patient number 2,300,000 (table 2, line 5, column 
8) to patient number 3,800,000 (table 2, line 20, column 2). 

Chart 4 shows graphically the patient-count intervals obtainable from table 2. 


(4) Problem 2: What methods may be used in determining that a_ single 
chamber-count is correct? According to Osgood (6, p. 473): “Count 5 groups 
of 16 small squares. These should not differ by more than 20 cells.”” Accord- 
ing to War Department (7) Methods for Laboratory Technicians (p. 17): 
“The difference between the number of cells in any two blocks should not be 
more than 15 cells.” 

A series of papers on calculation of ranges of samples was begun by ‘“‘Student”’ 
(12), continued by Pearson and associates (13, 14) and completed by Pearson 
and associates (18). Their works made it possible to calculate the range tables 
in this paper. These were calculated with the aid of Pearson’s table 2 (18, 
p. 308). 

Reading table 4: Ranges of samples of 5: Assume that many counts on 80 
squares (5 x 16 squares) have been made on patient X, and the mean of all of 
these is 400 red cells. (All of these counts should fall on line 22 of table 2.) 
The differences in table 4, column headed 400, will apply to these counts, pro- 


BLOOD CELL COUNTS 187 


vided they are obtained under conditions of careful routine. For example, 
the difference (range) between largest and smallest count on 16 squares will 
exceed 29 red cells in 100 counts out of 1,000. In one count out of 1,000, the 
corresponding figure is 45 red cells. 

When the only information available is a single count of 400, it must not be 
overlooked that a single count of 400 red cells may be obtained on all patients 
from patient number 3,200,000 (table 2, line 14, column 8) to patient number 
5,200,000 (table 2, line 34, column 2) (or see chart 4). Hence, in reading table 
4 for this single count of 400 red cells, one cannot tell exactly which column 
between 300 and 500 heading is to be read. To read conservatively, read the 
column headed with the smaller red cell count, 300 approximately in this case. 
A difference exceeding 33 red cells is improbable; if it exceeds 39, it points to 
error. 


TABLE 4 
Ranges of samples of 5 
Out of 1,000 differences (ranges) between the largest and smallest counts of 5 groups of 
16 squares, the number of differences shown below will exceed the indicated number of red 
cells. Differences between red cell counts are here assumed to be due only to random 
streaming. Based on Pearson (18) and Berkson’s correction (2, p. 310). 


MEAN NUMBER OF RED CELLS COUNTED ON 80 SQUARES 


DIFFERENCES 200 


NUMBER OF | 
OUT OF 1,000 


300 400 | 500 | 600 


Difference between largest and smallest count on 16 squares 
red cells 


100 14 20 25 29 32 35 
50 16 22 28 32 35 39 
25 17 24 30 35 39 | 42 
10 19 27 33 38 42 46 

20 28 35 40 45 49 

23 32 39 45 50 55 


If the difference between the largest and smallest 16-square count exceeds 
table 4 differences at the 1 per cent level, the obtained difference exceeds 99 
comparable differences. Since random streaming can, produce this result, 
the conclusion that there is error is not obligatory. If the obtained difference 
exceeds table 4 differences at the 0.1 per cent level, chance will produce this 
result once in 1,000 similar counts. The investigator uses his own judg- 
ment in deciding whether the difference indicates error, or is the one-in- 
1,000 produced by random streaming. 

Method 1: The count conforms to a criterion—a table of ranges. Step 1: 
Count red cells in 5 groups of 16 squares. Record the 5 counts separately. For 
the present purpose it is immaterial whether the 16 squares are at the 4 corners 
and centre of the field, or whether 4 rows of 20 squares are counted and re- 
corded as 5 groups of 16. 

Example: taken from Plum’s (1) twelfth chamber-filling, 2” count: 114, 79, 
119, 58, 122 red cells; total 492. 
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Step 2: Select the largest difference or range between any 2 groups. In the 
example: 122 minus 58 = 64. 

Step 3: Compare the obtained difference with the differences in table 4. 
Select the column heading nearest to the actual total red cells counted. 

In the example: when 500 red cells are counted, in one count out of 1,000, 
the difference or range will exceed 50 red cells. The above difference of 64 must 
be regarded as highly improbable. 


DIFFERENCE BETWEEN 
LARGEST AND SMALLEST COUNT 


RED CELLS 


INCORRECT COUNTS 


5 CORRECT COUNTS 


100 200 300 400 500 600 700 
TOTAL RED CELL COUNT ON 80 SQUARES 


Cuart 1. Redcell counts. To test correctness of a single count on 5 blocks of 16 squares. 


Another example: Plum made 4 counts of 5 x 16 squares in each of 17 chamber- 
fillings with the same dilution. In the above, twelth chamber-filling, the 3” 
count was: 73, 106, 73, 93, 92; total 437 red cells. Difference: 106 minus 
73 = 33. Referring to table 4, for counts of 400 red cells, a difference of 33 is 
to be expected in 50 such counts out of 1,000. The difference of 33 is, therefore, 
reasonable. 

Chart 1 shows that any difference up to 40 would be acceptable, that is, it is 
within the 5/1000 level. 

Sixty-eight differences calculated from Plum’s (1) experiment 1 were com- 
pared with table 4, column headed 500 red cells. The mean of his 68 counts on 
80 squares was 461 red cells. Omitting the largest difference of 64; there were 
eight differences exceeding 32 red cells, giving 8/67 or 12 per cent (10 per cent, 
table 4); 5 differences exceeded 35 red cells, giving 5/67 or 7.5 per cent (5 per 


53 
49 
45 
40, 
40 
32, 
28 
24, 
2O 
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cent, table 4) and one difference exceeded 45 red cells, giving 1/67 or 1.5 per cent 
(0.5 per cent, table 4). 

Method 2: Comparing the actual, with the theoretical Poisson distribution. 
On account of the laborious calculations involved, it is not likely that this method 
will be used in routine. The method has been described by Berkson, Magath 
and Hurn (11, p. 417). 

Method 3: Comparing the obtained 16-square counts with others in the lit- 
erature. The only publication in which 16-square counts were found was 
that of Plum (1). The 340 counts ranged from 125 to 58 red cells on one group 
of 16 squares: mean, 92.2. Of course, comparisons are of value only when 
total counts are the same. Differences (ranges) between groups of 5 x 16 squares 
were: 46, 44, 39, 37, 36, 35, 34, 33, 32, 31 and 57 others, ranging from 30 down to 
7 red cells. These counts were on the same dilution in the same chamber. 

Assuming that problem 2 has been solved, and that the single count can be 
judged correct by objective standards, problem 1 still remains to be faced. 


(5) Problem 3: How large a difference between two consecutive red cell counts on 
the same blood may be due to random sampling? 

Method 1: Comparing an obtained difference with others in the literature. 
The differences between consecutive counts will be influenced by the conditions 
under which the chamber-counts are made. The differences summarized in 
table 5 were calculated as follows: count 1 minus count 2, count 2 minus count 
3, etc., without altering the order of counts as found in a publication. Berkson 
(5) and Magath, Berkson and Hurn (9) published 130 counts on 13 blood spe- 
cimens. Ten different pipets and 10 different chambers were used with one 
blood. In Plum’s (1) Experiment 1, the same chamber was filled 17 times with 
the same dilution and 4 counts, each on 80 squares, were made on each filling. 
In Buerker’s (10) 140 counts, 4 counts were made, on each of 35 fillings of an 
unstated number of chambers. In the investigation summarized in table 5 
all counts were not far from 500 red cells; hence the differences are comparable. 

Method 2: The difference conforms to a criterion—a table of ranges. Table 6 
shows the minimum or unavoidable differences, calculated by statistical meth- 
ods. The table may be used when two or more counts are made on the 
same chamber-filling. Under this condition, there is one source of variation in 
count; random streaming. 

Reading table 6: Assume that 1,000 or more counts have been made on 
patient X and the mean count is 500 red cells on 80 squares. The column 
headed 500 will apply to the differences between two consecutive counts in the 
same chamber filling. For example: 10 differences (ranges) out of 1,000 will 
exceed 81 red cells; one difference will exceed 104. The differences in the 
counts of Plum (1) and Buerker (10) shown in table 5 may be tested by table 6, 
column headed 500. Plum’s maximum of 75 is producible by random stream- 
ing. Buerker’s difference of 100, which he obtained twice—counts were 581; 
481 and 607; 507—would ordinarily lead one to doubt whether random stream- 
ing alone could produce such differences. Chart 2 shows the differences at 
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the 5/1000 level. When only one pair of counts is being considered, select 
that column heading nearest to the mean of both counts, or use method 3. 

Table 6X was calculated to show the obtainable differences when there are 
several causes of variation in count, as in careful routine. 


TABLE 5 
Summary of differences between two consecutive red cell counts on the same blood, on 80 squares 


| 


| NUMBER OF | DIFFERENCES | 


INVESTIGATOR } DIFFER- CAUSES OF DIFFERENCES 
ENCES 


Mean Maximum 


red cells | 

Plum (1) | random streaming 

Buerker (10)............ random streaming 

Berkson (2, 5) random streaming, differences be- 
tween chambers and pipets 


DIFFERENCE BETWEEN 2 
TOTAL COUNTS 


RED CELLS 


ONE OR BOTH COUNTS 
INCORRECT 


66, 


72 
COUNTS 
CORRECT 


56 


40 4 1 4 1 
1OO 200 300 400 500 TOO 
MEAN OF BOTH COUNTS, 

FACH COUNT ON 8O SQUARES. 


Cuart 2. Red cell counts. To compare two counts in one filling of the counting 
chamber. 


Berkson’s maximum difference, 130 red cells, shown in table 5, may be tested 
by table 6X, column headed 500. The difference could be produced by random 
sampling in about 20 differences out of 1,000. Chart 3 shows the differences at 
the 5/1000 level. 

Method 3: Calculating, from a formula, the probability that the difference 
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could be produced by random sampling. When only a single pair of chamber- 
counts, on the same or different blood specimens, is being considered, and it is 
desired to determine whether the difference between them could be produced 
by random streaming or by random sampling (includes several causes of va- 
riation), the following method, suggested by “‘Student” (William Sealy Gosset, 


TABLE 6 
Ranges of samples of two 
Out of 1,006 differences (ranges) between two consecutive red cell chamber-counts, the 
number of differences shown below will exceed the indicated number of red cells. Varia- 


tions in red cell counts are here assumed to be due only to random streaming. Based on 
Pearson (18). 


MEAN NUMBER OF RED CELLS COUNTED ON 80 SQUARES 


NUMBER OF 
DIFFERENCES 200 306 400 500 609 
ouT oF 1,000 


Difference between two consecutive counts 
red cells 


40 47 52 
48 55 62 
55 63 71 
63 73 81 
69 79 89 
81 93 104 


TABLE 6X 
Ranges of samples of two 


Careful routine conditions. Out of 1,000 differences between two consecutive red cell 
chamber-counts on the same blood, the number of differences shown below will exceed the 
indicated number of red cells. Based on Pearson (18) and Berkson’s (2) Formula 5. 


MEAN NUMBER OF RED CELLS COUNTED ON 80 SQUARES 


NUMBER OF 
DIFFERENCES 200 300 | 
out oF 1,000 


400 | 500 | 600 


Difference between two consecutive counts 
red cells 


43 59 | 75 90 105 121 
51 70 | 89 107 126 144 
59 80 102 123 144 165 
67 92 117 141 165 189 
74 101 127 154 180 207 
86 118 149 180 211 242 


1876-1937) (17, p. 355), may be used. The formula +/ (m; + me)/M (where m; 
and m, are the mean red cell counts per square, the M the number of squares 
counted) is used to calculate the probability that the obtained difference could 
be produced by random sampling. 

In table 2, the red cell counts on any line are separated by one or more line 
intervals or standard deviations. The symbol o (sigma) is used to represent this 


select 
are 

3 be- 
| 
| 
| 
100 | 23 33 57 | 62 
50 28 39 68 | 73 
25 | 32 45 78 84 
10 ef 52 89 96 
5 | 40 | 56 97 105 
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deviation. On line 2, for example, one sigma equals 18 red cells. Counts 200 
and 254 are separated by 3c. Counts 200 and 227 are separated by 27/18 or 
1.50. If the separation is greater than 3c, the probability that both counts 
were correctly obtained on the same blood is so small as to justify the conclusion 
that one or both counts are in error. A probability table will not be needed if, 
as a rule, reject at 3c, use data with caution at 2.5c. 

Three examples are discussed: (A) the counts are known to be on the same 
dilution, (B) the counts are known to be on different dilutions of the same 
puncture, and (C) there are 2 punctures, and the question is: has the blood 


DIFFERENCE BETWEEN 2 
TOTAL COUNTS 
RED CELLS 
200 
ONE OR BOTH COUNTS 


INCORRECT 
168. 


ISG 


lO4 COUNTS CORRECT 


1O 


72. 


lO 200 800 400 S00 600 TOO 
MEAN OF BOTH COUNTS, 
EACH COUNT ON 80 SQUARES. 


Cuart 3. Red cell counts. To compare two counts from one puncture; but with differ- 
ent pipets and chambers. 


count changed in the meantime? In the following method 3 it is assumed that 
both counts were made on the same number of squares, not necessarily 80. 

(A) Example 1: Two counts from Plum’s data (1) will be used. These are 
from the fifth chamber-filling, counts 3 and 4: 506 and 431 red cells. 

Method for testing the significance of the difference between two red cell 
counts. Step 1: Subtract one count from the other: In example 1, it is plus 
or minus 75 red cells. 

Step 2: Find the square root of the sum of the counts. In example 1: 506 
plus 431 = 937, 1/937 =+30.61 red cells. This is the needed standard de- 
viation of differences. 


IS4 
127 
74. 
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Step 3: Divide the difference by its standard deviation: In example 1: 
75/+30.61 = +2.45¢ 

Step 4: Interpret the quotient, 2.45 sigma, by reading its probability in the 
normal probability table. For 2.45 sigma the probability found is 0.014. This 
means that if Plum had obtained 1,000 differences on this same dilution without 
error, 14 differences would have been 75 or more. Seven of these would be minus 
75 or more; 7 other differences would have been plus 75 or more. 

Following the above stated rule: reject at 3 sigma, use data with caution at 
2.5 sigma, the difference may be produced by random streaming, but not very 
often—14 times in 1,000. 

(B) Example 2: The counts are known to be on different dilutions of the 
same puncture. 

From the data of Magath, Berkson and Hurn (9, Experiment 2): 10 dilutions 
from one puncture were counted. Among these are 378 and 469 red cells on 
80 squares. Could this difference have,been produced by random sampling? 
Method 3, step 2 must be modified. The needed standard deviation or line 
interval must now include the “scatter” of count, not alone for random stream- 
ing (as in example 1) but also for differences in pipets and chambers. 

Step 1: Subtract one count from the other. In example 2 this is plus or 
minus 91. 

Step 2: Calculate the needed standard deviation (line interval) from the 
formula: oa (for differences) = +~/o? + o2, where o; and oa: are line intervals in 
table 2. For count 378, locate 380 in column 5, line 20. The interval or 
standard deviation is 31 red cells. For count 469, locate 470 in column 5, line 
29, the interval is 37. +~/312 + 372 = 48.27 red cells: the standard deviation 
required. 

Step 3: Divide the difference by its standard deviation: 91/48.27 = 1.88c. 

Step 4: Following the rule suggested above, 1.880 is well within the 2.50 
limit which includes 988 out of 1,000 counts or differences. The difference of 91 
red cells could be produced by random sampling. To see whether this is an 
agreement with table 6X: the normal probability table indicates that 94 per 
cent of counts or differences are included between —1.880 and +1.88¢. There- 
fore, 6 per cent or 60 differences out of 1,000 will exceed 91 red cells. This 
compares with about 46 out of 1,000 in table 6X, column headed 400. 

(C) Example 3: There are two punctures; the question is: has the patient- 
count changed in the meantime? 

Buerker (10) counted his own blood: April 2, 1911, count was 459; April 6; 
count was 607 red cells on 80 squares. Following through the steps in example 2, 
one obtains 148/58.41 = 2.530. Random sampling could produce the difference. 
If the difference had risen to 3c, that is, 3 x 58.41 or 175 red cells, it would be 
reasonable to suppose that the patient-count had changed. 

Method 4: Can a population be found (table 2) from which both counts were 
probably drawn? If two counts can be found on any line in table 2, they are 
obtainable on the same dilution. The difference between them is due to random 
sampling; that is, random streaming plus differences between pipets and cham- 
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bers. Usually two correct counts can be found on several lines close to each 
other. In the absence of other information one line is as good as another, 
Conversely, when two counts known to have been obtained on one blood spec- 
imen, cannot be found on one line in table 2, or are on one line but are separated 
by three or more line intervals, the difference between counts is due to error as 
well as random sampling. Chart 4 may also be used. 


PATIENT-COUNT 
RED CELLS, 
MILLIONS 


68, INTERVAL 


VERTICAL. 
DISTANCE. 


6O, 
5.69 


25, 


lOO 300 400 500 GOO TOO 
TOTAL RED CELL COUNT ON 80 SQUARES 
Cuart 4. Red cell counts. To obtain the patient-count interval from.a single chamber 
count. 


When two counts have been obtained from the same chamber-filling their 
difference is presumably due to random streaming only. If two such counts can 
be found on one line in table 1, they are obtainable on the same dilution. If not, 
error is part of the difference. 

When a pair of counts are tested by more than one method, the conclusions 
should be the same. 

‘“‘A comparison of the two methods of treatment illustrates the general prin- 
ciple, so often lost sight of, that tests of significance, in so far as they are accu- 
rately carried out, are bound to agree, whatever process of statistical reduction 
may be employed.” (Fisher (25), p. 198.) 
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(6) Problem 4: Are two red cell counts better than one? The mean of two counts 
may be a poorer estimate of the patient-count than the first count. Following 
data from Plum (1), fifth chamber-filling, counts 2 and 3, are illustrative. In- 
vestigator X made two consecutive counts of 471 and 506 red cells on 80 squares, 
in the same chamber-filling. He reported the mean 488 and, therefore, a 
patient-count of 4,880,000 red cells per mm.* Unknown to investigator X, 66 
other counts had been made on this same dilution; mean of 68 counts, 461; 
patient-count 4,610,000. If investigator X had reported 4,750,000 based on his 
first count, the error would have been 140,000. The: actual report, 4,880,000, 
was in error by 270,000. 

About one-third of the consecutive chamber-counts studied gave means 
that were poorer estimates of the patient-count than the first count. If the 
first chamber-count happens to be close to the patient-count, chance will place 
the second count further away, making their mean a poorer estimate than the 
first count, as in the example above. Conversely, if the first count is far from 
the patient-count, chance will place the second count nearer, and the mean of 
these two will be a better estimate than the first count. Since the investigator 
cannot tell which situation he is facing, the mean of two counts cannot be de- 
pended upon to furnish a better estimate of the patient-count than either one 
alone. For practically all other purposes, two counts are better than one. 


Iii. THE TOTAL WHITE CELL COUNT 


(1) Distribution of total white cell counts under conditions of careful routine: 
Let it be assumed that from one large dilution of blood from hypothetical 
patient number 3,500, 1,000 correct total white cell counts were made, each on 
4 squares, each square 1 mm.’ in area. Large numbers of chambers and pipets 
were used, take at random. Assume that the mean of the 1,000 counts was 
70 white cells. 

The counts will be distributed as shown in table 7, line 2. This may be read 
together with line 1: there were 21 counts (line 1) ranging from 41 to 50 white 
cells (line 2, columns 2 and 3); there were 136 counts (line 1) ranging from 51 
to 59 white cells (line 2, columns 3 and 4) and so on. At least three causes 
contribute to the variations in these counts: (1) random streaming of white 
cells across the squares; (2) variations in sizes of chambers; (3) variations in 
pipets. In a statistical study of these factors, Berkson, Magath and Hurn 
(2, p. 318) derived a formula for easily calculating the extent to which these 
factors may influence the chamber-count. 

On each line the interval between two columns (standard deviation) was 
calculated with the aid of Berkson’s (2) formula 7. Thus, when the mean count 
is 100 white cells (line 5, column 5) the line interval (standard deviation) is 
12 white cells. Theoretically, if identical technique were used, leaving random 
streaming as the only cause of variation in count, the line interval would equal 
the square root of the mean count. For line 5, the line interval would be the 
square root of 100 or 10. The difference between 10 and 12 white cells rep- 
resents the variation due to laboratory technique; it is not error. 
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TABLE 7 
Normal distributions of correct total white cell counts under conditions of careful routine 
Based on Berkson’s (2) Formula 7 


NUMBER OF COUNTS, OUT OF 1,000, THAT WILL FALL BETWEEN THE COUNTS BELOW 


| 21 136 341 341 136 21 


Column number 


3 4 5 6 7 


Number of white cells on 4 squares, each 1 square millimeter 


Mean 
51 70 80 89 
59 90 101 
68 113 


CO 


~ 


76 124 
84 136 
93 147 


oon 


101 159 
110 170 
118 182 


126 194 
135 205 
144 216 


500 
000 
500 
000 
500 
,000 
500 
000 
500 
000 
500 
000 


152 228 
161 239 
169 251 


178 262 
186 274 
195 . 285 


203 
212 308 
221 


230 330 
238 
247 


255 
264 
273 


282 
290 
299 


LINE 
NUMBER 

2 41 99 

3 49 1li 

4 56 | | 124 

5 64 sens 136 

6 72 148 

7 79 161 

9 95 185 

10 102 198 

11 110 210 

12 117 223 

13 125 | 235 

14 9,500 134 | 246 

15 10,000 142 | 258 

16 10,500 149 271 

17 11,000 157 283 

18 11,500 164 296 

19 12,000 172 308 

20 12,500 180 | 320 

| 21 13,000 188 | 332 

| 22 13, 500 196 344 

23 14,000 204 | 356 

24 14,500 213 367 

25 15,000 221 379 

26 15,500 208 | 283 310 337 365 | 392 

27 16,000 236 292 320 348 376 404 

28 16, 500 244 301 330 359 387 416 

29 17,000 252 311 340 369 398 428 

30 17,500 260 320 350 380 410 440 

31 18,000 268 329 360 391 421 452 
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TABLE 7—Concluded 


NUMBER OF COUNTS, OUT OF 1,000, THAT WILL FALL BETWEEN THE COUNTS BELOW 


| 21 136 341 341 136 21 


Column number 


1 2 | 3 4 5 6 7 


Patient 


qunuhes Number of white cells on 4 squares, each 1 square millimeter 


18, 500 276 307 339 370 401 433 
19,000 284 316 348 380 412 444 
19, 500 292 324 357 390 423 456 


20,000 300 334 367 400 433 466 
22,500 341 377 414 450 486 523 
25,000 381 420 460 500 540 579 


27 , 500 421 464 507 550 593 636 
30,000 461 507 554 600 646 693 739 


If all the counts on patient number 5,000 were shown, line 5 would read’ 
62, 63, 64, 65 ... up to 135, 136, 137, 138. 


(2) Problem 5: What information is obtainable from a single total white cell 
count? Given a single chamber-count of a total of 95 white cells, counted on 4 
squares, each 1 mm.?, chamber depth 0.1 mm., what is the patient-count, that is 
the count if it could be made while the blood is in the patient? 

Referring to table 7, line 9, column 2, it may be noted that a chamber-count 
of 95 could be obtained on patient number 7,000. Out of 1,000 counts correctly 
made on a single dilution (1 plus 19) or on several punctures of patient number 
7,000, two counts will be 94 or less; (line 1) 21 counts will range from 95 to 109; 
341 counts will range from 125 to 139 (lines 1 and 9, columns 4 and 5). 

Referring to line 2, columns 7 and 8; a chamber-count of 95 white cells could 
be obtained on patient number 3,500, because out of 1,000 chamber-counts on 
this patient 21 (line 1) will fall between 89 and 98. A single chamber-count of 
95 white cells is obtainable, therefore, on all specimens of blood from patient 
number 7,000 to patient number 3,250. (See chart 8.) 

Table 8 (similar to table 3) indicates how often the blood of various patients 
will be counted as exactly 95 total white cells. In the absence of other counts, 
for a single chamber-count of 95, the most probable patient-count is 4,750. 
But out of 10,000 chamber-counts on patient number 4,750, only 343 will be 
exactly 95. The gap is larger when the chamber-count is larger. Forexample; 
a chamber-count of 200 total white cells is obtainable on all patients from pa- 
tient number 7,600 to patient number 13,750. 


(3) Problem 6: What methods may be used in determining that a single chamber- 
count of total white cells is correct? 
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ne NUMBER 
32 | | 464 
33 | 476 
34 | | 488 
35 500 
36 559 
37 619 
39 
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Method 1: The count conforms to a criterion — a table of ranges. An obtained 
difference (range) between the largest and smallest counts on 4 squares, each 
1 mm.?, is compared with differences calculated on a statistical basis, as in 
table 9. 

Reading table 9: Assume that 1,000 or more white cell counts have been made 
on patient X. Each count was made on 4 squares, each 1 mm.?, chamber-depth 
0.1 mm., dilution 1 plus 19. Assume that the mean of the counts is 200. The 


TABLE 8 


Different probabilities of obtaining the same chamber-count, 95 total white cells on 4 squares, 
each 1 mm.?, from different patients 


PROBABILITY OF OBTAINING A COUNT 
PATIENT NUMBER OF EXACTLY 95 WHITE CELLS ON 
4 SQUARES 


NUMBER OF COUNTS OUT oF 10,000, 
THAT WILL BE EXACTLY 95 


0.0343 343 
0.0054 54 
0.0003 3 
0.0001 1 


TABLE 9 
Ranges of samples of four 
Out of 1,000 differences between the largest and smallest counts on 4 squares, each 1 
mm.?, the number of differences shown below will exceed the indicated number of white 
cells. Differences between white cell counts are here assumed to be due only to random 
streaming. Based on Pearson (18). 


MEAN NUMBER OF WHITE CELLS COUNTED ON 4 SQUARES EACH 1 SQUARE MILLIMETER 


NUMBER OF 
DIFFERENCES 50 | 100 200 300 | 400 


OUT OF 1,000 


Difference between largest and es count on 1 square millimeter 
white cells 


11 16 23 28 | 
13 18 26 ea 
14 20 28 34 
16 22 31 38 
17 23 33 41 
19 27 38 46 


column headed 200, table 9, applies to these counts. In 100 out of 1,000 counts, 
the difference between the largest and smallest counts will exceed 23 white cells. 
In 5 out of 1,000, the difference will exceed 33. 

When only a single count is avialable, 200 for example, it must not be over- 
looked that this count may be obtained on all patients from patient number 
7600 (table 7, column 8, between lines 10 and 11) to patient number 13,750 
(table 7, column 2, between lines 22 and 23). 

In reading table 9 one cannot tell exactly which column between 152 and 275 
is to be read. Close reading is usually not needed. For a single count of 200, 


4,750 
6,000 
7,000 
3,250 | 
100 32 
50 36 
25 40 
} 10 44 
5 47 
! 1 53 
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the most probable patient-count is 10,000, and the column headed 200 may be 
used. More conservatively, the column headed 150 (by mental interpolation 
between 100 and 200) might be read. Assume that, with a single count of 200, 
the range was 28. Reading column headed 150, in 5 counts out of 1,000, the 
difference between the largest and smallest count will exceed 28. (See chart 5.) 

It is desirable to compare the theoretical differences of table 9 with those 
obtainable from the literature. 

Method 2: Comparing obtained counts on single square millimeters with 
others in the literature. Separate records of counts on single square millimeters 
were found in only one publication, that of Bryan and Garrey (15). From one 


EACH 1 SQUARE MILLIMETER 
DIFFERENCE BETWEEN 
LARGEST AND SMALLEST 
COUNT 
WHITE CELLS 
48, 


INCORRECT COUNTS 


Xo) 
CORRECT COUNTS 


23 


2hOO 2500 SOO 2350 
TOTAL WHITE CELL COUNT ON 
4 SQUARES, EACH 1 SQUARE MILLIMETER 


Cart 5. White cell counts. To test correctness of a single count on 4 squares. 


blood, 2 pipets were filled. One pipet was shaken in one plane (their table 1), 
the other was shaken in a “rotor” (their table 2). From each pipet, 19 chamber- 
fillings were obtained, giving a total of 19 x 9 or 171 counts of white cells on 
single squares of 1 mm?. There were 342 counts in both tables. 

When the pipet was shaken in one plane only, the differences between largest 
and smallest counts on 4 squares were: 68, 34, 30, 29 and 33 other lesser differ- 
ences (ranges). Total white cells on 4 squares were: minimum, 126, mean, 
174, maximum 271. According to table 9, bottom line, for a mean of 174 white 
cells, one count out of 1,000 will have a range exceeding 35. The above differ- 
ence of 68 is due partly to random streaming and partly to error. The other 
differences of 34, 30, etc. seem reasonable. Results after shaking the pipet in 
the “rotor’’ were: total white cells on 4 squares, minimum 146, mean 166, 


1ed 
ich 

in 
ide 
th 
‘he 
es, 

AT 
40,. 
1 
ite 
ym 
24, 
17 
= 

s. 
(0) 
5 
), 


200 WILLIAM N. BERG 


maximum 185. Differences between largest and smallest counts on 4 squares 
were: 19, 17, 16, 16 and 33 other lesser differences. 

Method 3: Comparing the actual with the theoretical Poisson distribution. 
On account of the laborious calculations involved, it is not likely that this 
method will find use in routine. The method has been described by Yates and 
Batt (16). 

Assuming the problem 6 has been solved, and the single count can be judged 
correct, problem 5 still is to be faced, namely, how to obtain the patient-count 
from one or more chamber-counts. 


DIFFERENCE BETWEEN 2 
TOTAL COUNTS 


WHITE CELLS 


ONE OR BOTH COUNTS 
INCORRECT 


56 
COUNTS 
CORRECT 


> 
Cs 


5O lOO ~=15O 200 250 300 350 400 
MEAN OF BOTH COUNTS, 
EACH COUNT ON 4X1 MM?@ 
Cuart 6. White cell counts. To compare two counts in one filling of the counting 
chamber. 


(4) Problem 7: How large a difference between two consecutive total white cell 
counts may be due to random sampling? 

Method 1: The difference conforms to a criterion—a table of ranges. Reading 
table 10: This shows the differences, as calculated by statistical methods, when 
these are due to random streaming only. A single difference in table 10 is 
obtained as follows: count 8 squares (each 1 mm.?), making two counts on 4 
squares. The difference between the two counts makes one difference.. Assume 
that 1,000 or more such differences were obtained on patient X, and the mean 
count was 200 white cells on 4 squares. The column headed 200 can be applied 
to the differences. Out of 1,000 differences, 100 will exceed 33; one difference 
will exceed 66 white cells. Data for the 5/1000 level are shown in chart 6. 

Reading table 10X: This is read just like table 10. Under conditions of 


| 

| 64, G9 
48, 

| 

32% 

| 
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careful routine, the differences in table 10 do not hold. For routine conditions, 
table 10X. was calculated by combining the theoretical data of Pearson (18) 
with the appropriate standard deviation obtained in actual counts, by Berkson, 
Magath and Hurn (2). Data for the 5/1000 level are shown in chart 7. Com- 


DIFFERENCE BETWEEN 
2 TOTAL COUNTS 


WHITE CELLS 


142, 


126, 


ONE OR BOTH COUNTS 
INCORRECT 


Or 


COUNTS 
78, CORRECT 


62, 
46, 


50 100 15O 200 250 300 350 400 
MEAN OF BOTH COUNTS,EACH COUNT ON 4X1 MM2 


Cuart 7. White cell counts. To compare two counts from one puncture but with 
different pipets and chambers. 


parisons between actual differences in the literature and tables 10 and 10X 
follow. 

Method 2: Comparing an obtained difference with others in the literature. 
From the tables of Bryan and Garrey (15), 37 differences were calculated from 
their table 1 by taking count 1 minus count 2, count 2 minus count 3, etc., 
without changing the order in which these are found (see method 1 above). 
Mean count: 174 white cells on 4 squares. Differences between consecutive 
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counts were 73, 59, 46, 45 and 33 lesser differences. Reading table 10: one 
difference out of 1,000 will exceed 66 white cells when the mean count is 200. 
Part of the above difference of 73 probably is error. The other differences, 
beginning with 46, are accounted for by random streaming. 


TABLE 10 
Ranges of samples of two 
Out of 1,000 differences between two consecutive total white cell counts, the number of 
differences shown below will exceed the indicated number of white cells. Differences be- 
tween total white cell counts are here assumed to be due only to random streaming. Based 
on Pearson (18). 


MEAN NUMBER OF WHITE CELLS COUNTED ON 4 SQUARES EACH 1 SQUARE MILLIMETER 


NUMBER OF 
DIFFERENCES 50 100 200 300 


out oF 1,000 


Difference between two consecutive counts 
white cells 


23 33 40 
28 39 
32 45 
36 52 
40 56 
46 66 


TABLE 10X 
Ranges of samples of two 
Out of 1,000 differences between two consecutive total white cell counts, the number of 
differences shown below will exceed the indicated number of white cells. Conditions: 
careful routine. Based on Pearson (18) and Berkson’s (2) Formula 7. 


MEAN NUMBER OF WHITE CELLS COUNTED ON 4 SQUARES EACH 1 SQUARE MILLIMETER 


NUMBER OF 
50 | 100 | 200 300 | 400 
OUT OF 1,000 


Difference between two consecutive counts 
white cells 


18 28 | 5 77 
22 33 | 92 
25 | 38 | | 105 
28 44 | 120 
31 48 131 
36 | 56 | 154 


The above difference, 73, is between two counts, 198 and 271 white cells, 
counted in one chamber-filling. If these counts had been obtained on the same 
dilution, but with different pipets and chambers, table 10 would not apply. 
Reading table 10X, column headed 200, a difference of 73 is not far from the 
5 out of 1,000 level, often regarded as indicating error. 

A comparison with table 10X can be made with 17 differences calculated from 
18 counts on the same dilution, made by Yates and Batt (16). Different 
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100 16 | 47 
50 20 55 
25 22 | 63 
10 26 73 
‘ 5 28 | 79 
: 1 33 | 93 
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10 
5 
1 


BLOOD CELL COUNTS 203 


pipets and chambers were used. Differences are: 55, 38, 37, 35, 34 and 12 
smaller differences. Mean of 18 counts on 4 squares: 142 total white cells. 
Random sampling can account for all the differences. 

In another series, from one puncture 2 pipets were filled, two counts were 
made in different chambers, on 4 squares. Ten differences, from 10 patients, 
were 45, 45, 43 and 7 smaller differences. For one of these patients the counts 
were 173, and 128, with difference, 45. Referring to column 150 in table 10X, 
difference of 45 or more will occur in 50 differences out of 1,000. 

The counts by Yates and Batt (16) having been made on 5 or 10 squares, 
each 1 mm.?, were calculated to 4 squares, for the above data. 

Method 3: Calculating, from a formula, the probability that the difference 
could be produced by random sampling. Example 1: This method, suggested 
by Student (17) has been discussed in detail in problem 3, method 3. As an 
example, two counts in the same filling of the chamber by Bryan and Garrey 
(15) were 198 and 271 white cells, each count on 4 squares. Could random 
streaming produce this difference of 73 white cells? Following through the 
steps outlined in problem 3, method 3, example 1: the answer for the above 
difference is 3.37c. This being beyond the limit of 3c suggested in problem 3 
as a reasonable limit beyond which error may be suspected, it may be concluded 
that one or both counts are not correct for the single dilution counted. 

Example 2: When two counts are known to be on different dilutions of the 
same puncture, the steps in problem 3, method 3, example 2, may be followed. 
Table 7 is here used. 

Example 3: The counts from two punctures, different dates. Has the pa- 
tient-count changed in the meantime? 

From Medlar (23) following counts were obtained: Case Lo: 5/15, 256 total 
white cells, on 4 squares; on 5/19, 158 white cells. Is the difference, 98, due 
to a change in the patient-count? Following through the steps in problem 3, 
method 3, example 2 or 3, the answer is 3.38c. The difference is too great to 
be accounted for by random sampling; a change in the patient-count is indicated. 
Table 7, column 5, is used to obtain standard deviation (line intervals) of the 
counts. 

Method 4: Can a population be found from which both counts were probably 
drawn? If two counts can be found on one line in table 7 (or in one vertical 
interval, chart 8), both counts are obtainable on the same dilution under condi- 
tions of careful routine. If the counts are separated by more than 3 line inter- 
vals, the probability that both were correctly obtained on the same dilution 
is so small as to justify the conclusion (1) one or both are incorrect, or (2) both 
counts were correctly obtained on different dilutions. 

The above counts (example 3) 158 and 256 can be found in table 7, lines 15, 
16, 17, separated by 4 line intervals, indicating a change in white cell count. 


(5) Problem 8: Are two total white cell counts better than one? As shown in 
problem 4, the mean of two counts may be a poorer estimate of the patient- 
count than the first count taken alone. As an example, the two consecutive 
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total white cell counts, 198 and 271, each counted on 4 squares, may be used. 
These were obtained on the sixteenth chamber-filling, in Bryan and Garrey’s 
(15) table 1. 

The mean count was 174. If an investigator had reported the first count in 
the usual manner, the chamber-count would be recorded as a patient-count of 
9,900 white cells, in 1 mm.’ of blood. The error is 1,200 white cells. If the 


PATIENT-COUNT WHITE CELLS 
2 7000 


26,187 
24000. 


2100Q. 


INTERVAL 1S 
VERTICAL 
DISTANCE 


ISOOO, 
13,750 
I2ZOOQ_ 


9000, 


3000 
3000" 3542. 4 4 if 
| OO 


200 250 300 350 _ 4 
TOTAL WHITE CELL COUNT ON 4 SQUARES,EACH 1SQUARE MM 


Cuart 8. White cell counts. To obtain the patient-count interval from a single chamber 
count. 


mean of the above counts, 235, were used, the patient-count recorded would 
be 11,750 and the error, 1,850 white cells, is one and one half times the first 
error. 
IV. THE NEUTROPHIL COUNT 
(1) Distribution of neutrophil counts. 


“Tt was suggested to us that so many were the errors in making a count that the statis- 
tical error was of very little importance. Our view, however, was that these other errors 


15,833 
11,750 
| 
7,357 7,583 
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which are truly experimental could be kept sufficiently constant if a standard technique 
was adopted so that the only error with which one need be concerned was the statistical 
one. This is true, of course, when the question of comparison of counts is being con- 
sidered. To demonstrate this point, one of us made a large number of smears from a 
single sample of blood. Twenty regular smears were selected and 200 cells counted from 
each smear. In every case similar parts of the smear were chosen for counting. The 
results are given in table 2.”” (Goldner and Mann (19).) 


Mainland, Coady and Joseph (20) published a set of 21 differential counts 
on 7 drops of blood from the same person, Student, number 24. They made 
three counts of 100 on each of 7 slides. These investigators show that, with 


TABLE 11 


Distributions of correct neutrophil counts under conditions of careful routine, when total 
white cell count is 100 


NUMBER OF COUNTS OUT OF 1,000 THAT WILL FALL BETWEEN THE COUNTS BELOW 


| 21 136 341 341 136 21 


Column number 


1 3 4 5 6 7 


— Number of neutrophils counted when total count is 100 white cells 


Mean 
100.10 1 10 16 
100.20 8 20 28 
100.30 16 30 39 
100.40 25 40 50 
100.50 35 50 60 
100.60 45 60 70 
100.70 56 70 79 
100.80 68 80 88 
100.90 81 90 96 


2 
3 
4 
5 
6 
7 
8 
9 
0 


care, experimental error can be reduced to a negligible quantity. A compre- 
hensive and very informative statistical study of the distribution of white cells 
in smears was made by Gyllenswird (21). A recent review was published by 
Sturgis and Bethel (22). 

Reading table 11: Assume that 1,000 differential counts, each of 100 total 
white cells, were made on patient X, and the mean number of neutrophils was 
70. Locate 70 in the table, column 5, lines 1 and 8 are read together: 21 counts 
(line 1) will fall between 56 and 60 neutrophils (line 8, columns 2 and 3); 136 
counts will fall between 61 and 64 neutrophils and so on. Table 11 may be 
used for any other differential cell count, lymphocytes, eosinophils, etc., provided 
the type of cell counted be 10 or more per cent of the total. The line interval 
(standard deviation) was calculated from the formula: square root of the prod- 
uct: total count times per cent neutrophils times per cent non-neutrophils. 
For line 8, the interval is 4.58 neutrophils. 
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Reading table 12: This is similar to table 11, except that table 12 is for the 
total count of 200 white cells. Goldner and Mann’s (19) tables are for counts 
of 200 and 500 at 95 per cent confidence limit. Table 12 may be used for any 
other type of differential cell count, provided the type of cell counted is 5 or 
more per cent of the total count. 

When the cell type is less than 5 per cent of the total count, table 15, (Berg 
(26)) may be used. (See section VI.) 


TABLE 12 


Distributions of correct neutrophil counts under conditions of careful routine, when total white 
cell count is 200 


ait NUMBER OF COUNTS OUT OF 1,000 THAT WILL FALL BETWEEN THE COUNTS BELOW 


1 21 136 341 341 136 21 


Column number 


3 4 5 6 7 


Number of neutrophils counted when total count is 200 white cells 


Mean 
10 13 
20 24 
30 35 
40 46 
50 56 
60 66 
70 77 
80 87 
90 97 

100 107 
110 117 
120 127 
130 137 
140 146 
150 156 
160 166 
170 175 
180 184 
190 193 


10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 


200. 
200. 
200. 
200. 
200. 
200. 
200. 
200. 
200. 
200. 
200. 
200. 
200. 
200.140 
200. 150 
200. 160 
200.170 
200. 180 
200. 190 


(2) Problem 9: What information is obtainable from a single neutrophil count? 
Given a single neutrophil count of 62, out of 100 white cells counted, what is 
the patient-count? 

Referring to table 11, line 7, column 5, just under 60, it may be noted that, 
if the above count were repeated on the same or different slides until 1,000 counts 
were made, 954 counts would fall between 52 and 72 neutrophils (columns 3 
and 7) in 100 total white cells. On line 1, 954 is the sum of 136, 341, 341 and 
136. The above count of 62 was chosen because it is the first of 21 counts by 


Patient 
number 
| | 
2 1 4 , 7 16 19 
3 7 12 16 | 28 33 
4 | 15 20 25 | 40 45 
5 23 29 34 | 51 57 
6 32 38 44 62 68 
7 41 47 54 73 79 
8 50 57 63 83 90 
9 59 66 73 94 101 
10 69 76 83 | 104 111 
11 79 86 93 | 114 121 
12 89 96 103 124 131 
13 99 106 113 | 134 141 
14 110 117 123 | 143 150 
15 121 127 134 153 159 
16 132 138 144 162 168 
17 143 149 154 171 177 
18 155 160 165 180 185 
19 167 172 176 | 188 193 
20 181 184 187 | | 196 199 
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Mainland, Coady and Joseph (20) mentioned above. Their other counts 
ranged from 57 to 76. This is another example showing that when a sufficient 
number of counts are made some will fall outside the 95 per cent confidence 
limit. See chart 11. 


DIFFERENCE BETWEEN 
2 COUNTS 


NEUTROPHILES 


24 
- ONE OR BOTH COUNTS INCORRECT 
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IO 30 70 
MEAN OF BOTH NEUTROPHILE COUNTS, 
EACH ON tOO WHITE CELLS. 


Cuart 9. Neutrophil counts. To test correctness of a single neutrophil count on 2 
groups, each of 100 white cells, on the same or different smears. 


DIFFERENCE BETWEEN 
2 COUNTS 


NEUTROPHILES 
32, ONE OR BOTH COUNTS INCORRECT 


22 
COUNTS CORRECT 


12 i2 


IO 40 TO 1OO I3O IiGO 

MEAN OF BOTH NEUTROPHILE COUNTS, 

EACH COUNT ON 200 WHITE CELLS. 


Cuart 10. Neutrophil counts. To compare two counts, each on 200 white cells, on the 
same or different smears, from one puncture. 


In their first of 20 similar counts of 200 white cells, Goldner and Mann (19) 
counted 95 “polymorphs.” If no other counts had been made, table 12 could 
be used to show that out of 1,000 similar counts 682 (line 1, 341 plus 341) counts 


the 
ints 
any 
or 

IS 20 Ia 
i 
I2 “COUNTS CORRECT 12 

28 
27 27 
24, 
IG, | 


208 WILLIAM N. BERG 


would fall between 88 and 102 (columns 4 and 6, between lines 10 and 11) 
Actually their other 19 counts fell between 76 and 102 “polymorphs.” See 
chart 12. 

Medlar (23) reported 16 total and differential white cell counts on case Lo, 
during a period of one month. In the first count there were 68 nonsegmented 
neutrophils. The remaining counts ranged from 36 to 108 nonsegmented 
neutrophils. Can these fluctuations be produced through random sampling 


PATIENT-COUNT 


NEUTROPHILES 
96, 


50, 


INTERVAL IS 
VERTICAL 
DISTANCE 


O 


A. ol. ai. 
20 30 40 50 GO TO ole) 
NUMBER OF NEUTROPHILES COUNTED IN 

WHITE CELLS. 


Cuart 11. Neutrophil counts. To obtain the patient-count interval from a single 
smear-count on 100 white cells. 


of the same blood? Since Medlar’s total counts were 400, table 12, based on 
counts of 200, cannot be used directly. There is some loss of information in 
the following procedure, but not a serious one. By dividing the above counts 
by 2, they can be brought into table 12. This indicates that if only the first 
count of 34 nonsegmented neutrophils in 200 were available (column 5, between 
lines 4 and 5) other counts would fall between 19 (column 2) and 50 (column 8); 
provided, of course, that the blood had not changed. Subsequent counts 
ranging from 18 to 54 are beyond the random sampling limits. These last 
two figures are not on any one line in table 12, an indication that both cannot 
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be correctly obtained on the same blood. If table 11 were used with Medlar’s 
counts of 400 divided by 4, the loss of information might lead to false conclusions. 
Returning to problem 9, for the first mentioned count of 62 neutrophils, if 
no other counts are available table 11 indicates that this count could be obtained 
on all patients from patient 100.47 (column 8, above line 6) and patient 100.75 
(column 2, above line 9). ‘The most probable patient is patient number 100.62, 
whose mean neutrophil count is 62 in 100 white cells. See tables 3 and 8. 


PATIENT-COUNT 


NEUTROPHIiLES 


189 


140 


+ 
20 40. iGO _ 
NUMBER OF NEUTROPHILES COUNTED IN 200 WHITECELLS 


Cuart 12. Neutrophil counts. To obtain the patient-count interval from a single 
smear-count on 200 white cells. 


(3) Problem 10: What methods may be used in determining that a single neu- 
trophil count is correct? 

Method 1: Make two counts in 2 x 100 white cells. Treat difference as in 
problem 11. For a single neutrophil count, standing alone, none of the criteria 
of correct counting available for red and total white cells seems available. By 
making two or more counts in groups of 100 white cells, the obtained differences 
may be tested as provided in problem 11. 
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(4) Problem 11: How large a difference between two consecutive neutrophil 
counts on the same blood, on the same or on different smears, may be due to random 
sampling? 

Method 1: Comparing an obtained difference with others in the literature, 
The largest difference between two differential counts of 100 on the same slide, 
reported by Mainland, Coady and Joseph (20), was 19 neutrophils, that jis, 
between 57 and 76. 

When making single counts of 200 on each of 20 smears, the largest difference 
between two consecutive counts of “polymorphs” obtained by Goldner and 
Mann (19) was 21, that is, between 97 and 76. 

Heaf (27) sent one smear to nine competent hematologists for a differential 
count. Total count was not stated; range was from 75.0 to 63.3 per cent of 
“polymorphs.” If each total count was 200, the range was 23. 


TABLE 13 
Ranges of samples of two 
Out of 1,000 differences between two consecutive neutrophil counts on the same blood, 
on the same or on different smears, the number of differences shown below will exceed the 
indicated number of neutrophils. Differences in neutrophil counts are here assumed to be 
due only to random sampling. Based on Pearson (18). One total white cell count = 200. 


MEAN NUMBER OF NEUTROPHILS COUNTED IN ONE COUNT OF 200 WHITE CELLS 


NUMBER OF 
DIFFERENCES 40 70 | 
ouT oF 1,000 


100 | 130 160 


Difference between two consecutive counts 
neutrophils 


7 3 | 1 | 146 16 13 
9 16 19 | 2 19 16 
10 18 21 | 22 21 18 10 
11 21 25 26 25 21 11 
12 22 27 28 27 22 12 
14 26 31 33 31 26 14 


Method 2: The difference conforms to a criterion—a table of ranges. Reading 
table 13: Assume that 1,000 or more differential counts of 200 have been made 
on patient X, and the mean number of neutrophils in one count is 100. The 
column headed 100 applies to the differences between consecutive counts. In 
one pair of counts out of 1,000 pairs, the difference will exceed 33 neutrophils. 
A difference greater than 16 is to be expected 100 times out of 1,000 differences. 
Two counts on different smears of the same blood, by Goldner and Mann (19), 
were 97 and 76 “‘polymorphs” in total counts of 200. Table 13 may be entered 
with the mean of the counts, 87. The difference, 21, will be exceeded about 
25 times out of 1,000 differences. 

Among the above-mentioned counts by Medlar (23) on case Lo were: on 
5/29, 24 nonsegmented neutrophils and on the next day, 5/30, 54 nonsegmented 
neutrophils, both in counts of 200 (actual counts, 400). Can the difference be 
due to random sampling only? Entering table 13, column headed 40, (since 
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mean of the two counts is 39) the difference of 30 will occur less than once in 
1,000 differences. The two counts are on different blood, that is, different 
with respect to count of nonsegmented neutrophils. 

Reading table 14: This is similar to table 13, except that it is based on total 
counts of 100 white cells. 

Among the above-mentioned counts by Mainland, Coady and Joseph (20) 
were 57 and 76 neutrophils on the same slide; total counts were 100 white cells. 
Entering table 14, column headed 70, the difference, 19, will occur about 5 
times in 1,000 differences. 

Method 3: Calculating from a formula, the probability that the difference 
could be produced by random sampling. This method was discussed by Barnett 
(24). Methods 2 and 4 are quicker. 


TABLE 14 
Ranges of samples of two 
Out of 1,000 differences between two consecutive neutrophil counts on the same blood, 
on the same or on different smears, the number of differences shown below will exceed the 
indicated number of neutrophils. Differences in neutrophil counts are here assumed to be 
due only to random sampling. Based on Pearson (18). One total white cell count = 100. 


MEAN NUMBER OF NEUTROPHILS COUNTED IN ONE COUNT OF 100 WHITE CELLS 


NUMBER OF 
DIFFERENCES 10 30 | 50 | 70 


OUT OF 1,000 


Difference between two consecutive counts 
neutrophils 


7 12 7 
8 14 8 
10 16 10 
11 18 11 
12 20 12 
14 23 14 


Method 4: Can a population be found (tables 11 and 12) from which both 
counts were probably drawn? When two neutrophil counts can be found on 
one line in table 11 or 12, they are obtainable from the same blood. The differ- 
ence is due to random sampling. Counts on the same blood should not be 
separated by more than 3 line-intervals or standard deviations. If the separa- 
tion is greater, the probability that both counts were correctly obtained on the 
same blood is so small as to justify their use with reserve. Usually, two correct 
counts can be found on several lines, or vertical intervals, close to each other. 
(Charts 11 and 12.) In the absence of other information, one line is as good 
as another. 

Example 1: Two counts mentioned above, 57 and 76 (Mainland, Coady and 
Joseph (20)), may be found on lines 7 and 8, table 11. Being separated by 4 
line-intervals, one may conclude that one or both counts were not correctly 
obtained on the same blood; or that the difference, 19, was produced only by 
random sampling, although the probability is small. 


hil 
om 
re, 
de, 
is, 
ce 
nd 
jal 
of 
d, 
he 
be 
— 
| 90 
100 
50 
25 
10 
1 
le 
n 
s. 
), 
d 
it 
e 


212 WILLIAM N. BERG 


Example 2: Two counts mentioned above, of 24 and 54 nonsegmented neu- 
trophils, by Medlar (23) can be found on line 5, table 12. Being separated by 
almost 6 line-intervals, the probability that both counts were obtained on the 
same blood is about two in one million. The reasonable conclusion is that 
the blood changed. 


(5) Problem 12: Are two neutrophil counts better than one? If two differential 
counts, each on 100 white cells, are made, their difference may be tested on a 
range table such as table 14. By finding both counts on one line in table 11, 
their distance from each other in terms of line-intervals (standard deviations) 
may be obtained, together with the patients that might furnish the counts. 


Vv. THE LYMPHOCYTE AND MONOCYTE COUNTS 


When making a differential count on 100 white cells, tables 11 and 14 may 
be used for any type of cell, provided the type number be 10 or more. 

An example from Mainland, Coady and Joseph’s (20) counts: in 100 white 
cells on different smears of the same blood there were 35 and 23 lymphocytes. 
Referring to table 14, column headed 30, the difference—their largest—of 12 
will be exceeded about 75 times in 1,000 pairs of counts. Random sampling 
accounts for the difference. This is confirmed by referring to table 11. The 
mean of the two counts, 30 practically, is located in column 5, on line 4. The 
two counts are separated by approximately 2 line-intervals. 

When making a differential count on 200 white cells, tables 12 and 13 may be 
used for any type of cell, provided the type number be 10 or more. 

Among Goldner and Mann’s (19) lymphocyte counts on 200 white cells were 
113 and 82, on different smears of the same blood. Entering table 13, column 
headed 100 (100 being close to the mean of 113 and 82), the difference, 31 
lymphocytes, will be exceeded through random sampling about 3 times in 
1,000 pairs of counts. This is confirmed by referring to table 12, line 11. The 
counts are separated by approximately 4 1/2 line-intervals. (See problem 3, 
method 3.) 


VI. SMALL PERCENTAGE COUNTS—LESS THAN 5 PER CENT 


Reading table 15: The table may be used regardless of whether the total 
count is 100 or 400 white cells, or any other number. When a count is a small- 
proportion count, its variation through random sampling is shown in the lower 
and upper limits in the table. When a count falls beyond these limits one 
may suspect a change in the blood, or error. The use of the table is shown in 
two examples. 

Example 1: Medlar (23) published 17 total and differential counts on case 
Sch. In the first of these there were 12 eosinophils in a total count of 400. If 
on this day, 5/12, 100 similar counts had been made, what variation in eosino- 
phil count could be expected? 

Locating the number of cells counted, 12, in the first column of table 15, 
99 out of 100 similar counts would range from 5 to 24. Between 5/12 and 6/17, 
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all 17 counts ranged from 10 to 26 eosinophils, indicating no change in the blood 
with regard to eosinophils. 

Example 2: In their first differential count on student number 24 (Mainland, 
Coady and Joseph (20)) were 3 monocytes in a total count of 100 white cells. 
What will other counts be, if they vary only through random sampling? Loca- 


TABLE 15 
Adaptation of Ricker’s (28) table of confidence limits for Poisson frequency distributions 


OUT OF 100 SIMILAR COUNTS, 99 WILL FALL BETWEEN THE LIMITS BELOW 
NUMBER OF CELLS COUNTED, 


OF ONE TYPE 


Lower limit Upper limit 


5 
7 
9 
11 
13 
14 


16 
17 
19 
20 
21 


23 
24 
25 
27 
28 


29 
31 
32 
33 
35 


36 
37 
38 
40 
41. 


ting 3, in the first column of table 15, out of 100 similar counts 99 will range 
from 0 to 11. Their next 20 counts ranged from 1 to 8 monocytes. 


CONCLUSIONS 
Red Cells Counts on 80 Squares 


A test of correctness of a single count: Record separately the counts on 5 groups 
of 16 squares. If the total count is 100, random streaming can produce a differ- 
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ence between the largest and smallest counts that will exceed 19 red cells in 10 
out of 1,000 counts, each totaling 100. The difference will exceed 20 red cells, 
in 5 out of 1,000 similar counts. For count 700, corresponding differences are 
50 (at 10/1000 level) and 53 red cells. 

For all intermediate counts, straight line interpolation may be used, unless 
otherwise stated. 

Example: For count 400, a difference exceeding 40 red cells (5/1000 level) 
may lead to the conclusion that the difference includes error. 

To compare two counts in one filling of the counting chamber: If the mean of 
both counts is 100, random streaming can produce a difference between them 
that will exceed 36 red cells, in 10 out of 1,000 differences obtained on mean 
counts of 100. The difference will exceed 40, in 5 out of 1,000 similarly obtained 
differences. For a pair of counts with mean equal to 700, corresponding differ- 
ences are 96 and 105 red cells. 

Example: For a pair of counts with mean equal to 400, that is, 440 and 360, 
a difference exceeding 79 red cells (5/1000 level) would be presumed to include 
error. 

To compare two counts from one puncture, but with different pipets and chambers: 
If the mean of both counts is 100, random sampling can produce a difference 
between them that will exceed 41 red cells in 10 out of 1,000 differences obtained 
on mean counts of 100. The difference will exceed 45 red cells in 5 out of 1,000 
similarly obtained differences. For a pair of counts with mean equal to 700, 
corresponding differences are 189 and 207 red cells. 

Example: For a pair of counts with mean equal to 400, that is, 465 and 335, 
a difference exceeding 127 red cells (5/1000 level) may be presumed to include 
error. 

The mean of 2 counts cannot be depended upon to furnish a better estimate 
of the patient-count than either count alone. 

To obtain the patient-count interval from a single chamber-count: Multiply the 
count by 1.31 (131 per cent), then by 0.80 (80 per cent). The interval contains 
the patient-count with close to 99.6 per cent confidence coefficient. Although 
the most probable patient-count is the chamber-count, the two seldom coincide. 

Example: A chamber-count of 400 red cells may be interpreted: the patient- 
count is between 3.2 and 5.24 million. 


White Cell Counts on 4 Square Millimeters 


A test of correctness of a single count: Record separately the counts on 4 squares, 
each 1 square millimeter. If the total is 50 white cells, random streaming can 
produce a difference between the largest and smallest counts that will exceed 16 
white cells in 10 out of 1,000 counts, each totaling 50. The difference will 
exceed 17 white cells in 5 out of 1,000 similar counts. For a total count of 400, 
corresponding differences are 44 and 47 white cells. 

Example: For a total count of 200, a difference exceeding 33 white cells 
(5/1000 level) may be presumed to include error. 

To compare two counts in one filling of the counting chamber: If the mean of 
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both counts is 50, random streaming can produce a difference between them 
that will exceed 26 white cells in 10 out of 1,000 differences obtained on mean 
counts of 50. The difference will exceed 28 white cells in 5 out of 1,000 similar 
' differences. If the mean of both counts is 400, corresponding differences are 
73 and 79 white cells. 

Example: For a pair of counts with mean equal to 200, that is, 229 and 171, 
a difference exceeding 56 white cells (5/1000 level) would be presumed to include 
error. 

To compare two counts from one puncture, but with different pipets and chambers: 
If the mean of both counts is 50 white cells, random sampling can produce a 
difference between them that will exceed 28 white cells in 10 out of 1,000 differ- 
ences obtained on mean counts of 50. The difference will exceed 31 in 5 out 
of 1,000 similarly obtained differences. If the mean of both counts is 400, 
corresponding differences are 120 and 131. 

Example: For a pair of counts with mean equal to 200, that is, 239 and 161, 
a difference exceeding 77 white cells (5/1000 level) may be presumed to include 
error. 

To obtain the patient-count interval from a single chamber-count: If the chamber- 
count is 100, multiply the count by 1.47, then by 0.71. The interval contains 
the patient-count, with close to 99.6 per cent confidence coefficient. Intervals 
for other counts are: for 200, 1.37 to 0.76; for 300, 1.33 to 0.78; for 400, 1.31 to 
0.79. 

Example: A chamber-count of 150 may be interpreted: the patient-count is 
between 10,650 and 5,513 white cells. The most probable patient-count is 
7,500. 


Neutrophil Count 


A test of correctness of a single neutrophil count: Record separately the counts 
on two groups, each of 100 white cells, on the same or different smears from one 
puncture. If the mean of both counts is 10 neutrophils, random sampling can 
produce a difference between them that will exceed 11 neutrophils in 10 out 
of 1,000 differences obtained on mean counts of 10. When mean counts are 
30, 50, 70, 90 neutrophils, corresponding differences are 17, 18, 17, 11. Increase 
these differences by 1 to obtain the 5/1000 level. 

Since the maximum difference is for 50 per cent neutrophils, straight line 
interpolation for intermediate counts may be used for short distances only and, 
in no case, across a 50 per cent value. 

Example: 57 and 76 neutrophils were counted on the same slide. The 
difference, 19, is at the 5/1000 level. 

If two neutrophil counts are made, each on 200 white cells, the differences 
between them for means of 10, 40, 70, 100, 130, 160, 190 neutrophils are, respec- 
tively, 11, 21, 25, 26, 25, 21, 11, at the 10/1000 level. Increase these differences 
by 2 to obtain the 5/1000 level. Interpolation as above. 

To obtain the patient-count interval from a single smear-count on 100 white 
cells: If the smear-count is 20 neutrophils, the patient-count lies within 11 to 
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35, with close to 99.6 per cent confidence coefficient. Intervals, in parentheses, 
follow other counts. For 40 (27 to 55); for 50 (35 to 64); for 60 (45 to 73); for 
80 (66 to 89). 

To obtain the patient-count interval from a single smear-count on 200 white 
cells: For count 20, the patient-count lies within the interval 11 to 36 neutro- 
phils. Intervals, in parentheses, follow other smear-counts. For 40 (26 to 59); 
for 80 (61 to 101); for 100 (79 to 121); for 120 (99 to 139); for 160 (141 to 174); 
for 180 (164 to 189). 


Remaining Differential Counts 


The above data on neutrophil counts may be used for all other differential 
counts, by replacing the word ‘“‘neutrophil” with lymphocyte, monocyte, non- 
segmented neutrophil, etc., so long as the differential count exceeds 5 per cent 
of the total count. 

For counts less than 5 per cent, Ricker’s table of confidence limits for Poisson 
frequency distributions may be used, regardless of whether the total count is 
100 or several hundred. 


CONCLUSIONES 


Eritrocitometrtas en 80 Cuadrados 


Comprobaci6n de la exactitud de una sola numeracién: Andtense por separado 
las numeraciones ejecutadas en 5 grupos de 16 cuadrados. Si el total representa 
100, los cotejos al azar pueden revelar una diferencia entre las numeraciones 
maxima y minima que excedera de 19 eritrocitos en 10 de cada 1,000 numera- 
ciones, cada una de las cuales representa 100 glébulos. La diferencia excederd 
de 20 en 5 de cada 1,000 numeraciones semejantes. Para 700 las diferencias 
correspondientes son 50 (al nivel de 10/1000) y 53 glébulos rojos. 

Para todas las numeraciones intermedias puede utilizarse la interpolacién 
en linea recta, a menos que se diga otra cosa. 

Ejemplo: Para una numeracién de 400, una diferencia que exceda de 40 gld- 
bulos rojos (nivel de 5/1000), puede llevar a la conclusién de que la diferencia 
comprende el error. 

Para comparar dos numeraciones en una replecién del hematimetro: Si el prome- 
dio de ambas numeraciones representa 100, las numeraciones al azar pueden 
producir una diferencia entre ellas que excederd de 36 glébulos rojos en 10 de 
cada 1,000 diferencias obtenidas en numeraciones medias de 100. La diferencia 
excederé de 40 en 5 de cada 1,000 diferencias obtenidas en forma semejante. 
Para un par de numeraciones cuyo promedio represente 700, las diferencias 
correspondientes representan 96 y 105 glébulos rojos. 

Ejemplo: Para un par de numeraciones con un promedio equivalente a 400, 
es decir, 440 y 360, toda diferencia que exceda de 79 glébulos rojos (nivel de 
5/1000), puede suponerse que comprende el error. 

Para comparar dos numeraciones de una puncién, pero con diferentes pipetas 
y hematimetros: Si el promedio de ambas numeraciones representa 100, las 
numeraciones al azar pueden producir una diferencia entre ellas que excederd 
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de 41 glébulos rojos en 10 de cada 1,000 diferencias obtenidas en numeraciones 
medias de 100. La diferencia exceder4 de 45 en 5 de cada 1,000 diferencias 
obtenidas en forma semejante. Para un par de numeraciones que promedien 
700, las diferencias correspondientes representan 189 y 207 glébulos rojos. 

Ejemplo: Para un par de numeraciones con un promedio equivalente a 400, 
es decir, 465 y 335, toda diferencia que exceda de 127 glébulos rojos (nivel de 
5/1000), puede suponerse que comprende el error. 

No puede confiarse én que el promedio de dos numeraciones arroje un cAlculo 
mas exacto de la hematimetria del enfermo, que una sola numeracién. 

Para obtener el intervalo-numeracién del enfermo por una sola numeracién del 
hematimetro: Multipliquese la numeracién por 1.31 (131 por ciento), y después 
por 0.80 (80 por ciento). El intervalo contiene la numeracién del enfermo con 
una exactitud casi de 99.6 por ciento. Aunque la numeracién del enfermo mds 
aproximada es la del hematimetro, las dos rara vez coinciden. 

Ejemplo: Una numeracién de hematimetro de 400 glébulos rojos, puede in- 
terpretarse asi: la numeracién del enfermo es entre 3.2 y 5.24 millones. 


Leucocitometrtas en 4 mm. Cuadrados 


Comprobacién de la exactitud de una sola numeracién: Anétense por separado 
las numeraciones ejecutadas en 4 cuadrados, cada uno de 1 mm. cuadrado. Si 
el total representa 50 leucocitos, los cotejos al azar pueden revelar una diferencia 
entre las numeraciones m4xima y minima que excederé de 16 leucocitos en 10 
de cada 1,000 numeraciones, cada una de las cuales representa 50 glébulos. La 


diferencia exceder4 de 17 en 5 de cada 1,000 numeraciones semejantes. Para 
400 las diferencias correspondientes son 44 y 47 leucocitos. 

Ejemplo: Para una numeraci6én total de 200, toda diferencia que exceda de 33 
leucocitos (nivel de 5/1000), puede llevar a la conclusidn de que la diferencia 
comprende el error. 

Para comparar dos numeraciones en una replecién del hemattmetro: Si el promedio 
de ambas numeraciones representa 50, las numeraciones al azar pueden producir 
una diferencia entre ellas que exceder4 de 26 leucocitos en 10 de cada 1,000 
diferencias obtenidas en numeraciones de 50. La diferencia exceder4 de 28 en 
5 de cada 1,000 diferencias obtenidas en forma semejante. Para un par de 
numeraciones que promedien 400, las diferencias correspondientes representan 
73 y 79 leucocitos. 

Ejemplo: Para un par de numeraciones con un promedio equivalente a 200, 
es decir, 229 y 171, toda diferencia que exceda de 56 leucocitos (nivel de 5/1000), 
puede suponerse que comprende el error. 

Para comparar dos numeraciones de una puncidn, pero con diferentes pipetas 
y hematimetros: Si el promedio de ambas numeraciones representa 50, las numera- 
ciones al azar pueden producir una diferencia entre ellas que exceder& de 28 
leucocitos en 10 de cada 1,000 diferencias obtenidas en numeraciones medias 
de 50. La diferencia exceder4 de 31 en 5 de cada 1,000 diferencias obtenidas en 
forma semejante. Para un par de numeraciones cuyo promedio equivalga a 400, 
las diferencias correspondientes representan 120 y 131. 

Kjemplo: Para un par de numeraciones con un promedio equivalente a 200, 
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es decir, 239 y 161, toda diferencia que exceda de 77 leucocitos (nivel de 5/1000), 
puede suponerse que comprende el error. 

Para obtener el intervalo-numeracién del enfermo por una sola numeracién del 
hematimetro: Si la numeracién da 100, multipliquese por 1.47, y después por 0.71. 
El intervalo contiene la numeracién del enfermo con una exactitud casi de 99.6 
por ciento. Los intervalos para otras numeraciones son: para 200: 1.37 a 0.76; 
para 300: 1.33 a 0.78; para 400: 1.31 a 0.79. 

Ejemplo: Una numeracién hematimétrica de 150 leucocitos, puede interpre- 
tarse asi: la numeracién del enfermo queda entre 10,650 y 5,513 leucocitos, 
La mas probable es 7,500. 


Numeracion de Neutréfilos (Neutrofilometrias) 


Comprobacién de la exactitud de una sola numeracién: Andétense por separado 
las numeraciones ejecutadas en 2 grupos, cada uno de 100 leucocitos, en el 
mismo 0 diferentes frotes de una puncién. Si el promedio de ambas numera- 
ciones representa 10 neutréfilos, los cojetos al azar pueden revelar una diferencia 
entre ellas que excedera de 11 neutréfilos en 10 de cada 1,000 diferencias obteni- 
das en numeraciones medias de 10. Cuando las numeraciones medias represen- 
tan 30, 50, 70, 90 neutrdfilos, las diferencias correspondientes son 17, 18, 17, 11. 
Auméntense estas diferencias en 1 para obtener el nivel de 5/1000. 

Toda vez que la diferencia mdxima es para 50 por ciento de neutréfilos, sdlo 
puede utilizarse la interpolacién para numeraciones intermedias en distancias 
cortas, y en ningiin caso mas alla de un valor de 50 por ciento. 

Ejemplo: Se contaron 57 y 76 neutréfilos en la misma placa. La diferencia, 
19, se halla al nivel de 5/1000. 

Para un par de numeraciones, cada una de 200 leucocitos, las diferencias entre 
ellas en promedios de 10, 40, 70, 100, 130, 160, 190 neutréfilos son, respectiva- 
mente, 11, 21, 25, 26, 25, 21, 11, al nivel de 5/1000. Auméntense etas diferen- 
cias en 2 para obtener el nivel de 5/1000. Se hace la interpolacidén segiin se 
describe mas arriba. 

Para obiener el intervalo-numeracion del enfermo por una sola numeracién-frote 
en 100 leucocitos: Si la numeracién-frote representa 20 neutrdfilos, la numeracién 
del enfermo queda entre 11 a 35, con una exactitud casi de 99.6 por ciento. Los 
intervalos, en paréntesis, siguen otras numeraciones. Para 40: (27 a 55); para 
50: (35 a 64); para 60: (45 a 73); para 80: (66 a 89). 

Para obtener el intervalo-numeracién del enfermo por una numeracién-frote en 
200 leucocitos: Para una numeracién de 20, la numeracién del enfermo queda en 
el intervalo entre 11 a 36 neutréfilos. Los intervalos, en paréntesis, siguen otras 
numeraciones-frotes. Para 40: (26 a 59); para 80: (61 a 101); para 100: (79 a 
121); para 120: (99 a 139); para 160: (141 a 174); para 180: (164 a 189). 


Otras Numeraciones Diferenciales 


Los datos anteriores acerca de las neutrofilometrias rezan con todas las demas 
numeraciones diferenciales, cambiando la palabra ‘‘neutréfilo” a linfocito, mono- 
cito, neutréfilo no segmentado, etc., siempre que la numeracién diferencial exceda 
de 5 por ciento de la numeracién total. 
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Para numeraciones inferiores a 5 por ciento, puede utilizarse la tabla de limites 
de exactitud de Ricker para las distribuciones de frecuencia de Poisson, ya repre- 
sente la numeracién total 100 o varios centenares. 
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PLEURAL SHOCK AND CEREBRAL EMBOLISM! 
JOHN B. ANDOSCA anv JOHN A. FOLEY 


Pleural puncture employed either in pneumothorax therapy, aspiration of 
an empyema, cavity or in exploratory thoracocentesis may result in a series of 
signs and symptoms which have been usually classified as pleural shock or 
cerebral embolism. 


LITERATURE 


Pleural shock, so-called, was originally described by Roger (16) in 1864. He de- 
scribed it as an “eclamptic fit”? characterized by cardiorespiratory embarrassment, tonic 
and clonic contraction of the muscular system, loss of consciousness and, in some instances, 
sudden death. 

Besnier (2) also agreed with Roger that these attacks were of nervous origin due to 
irritation of sensitive nerve fibres in the pleura, which in turn transmitted this irritation 
to the central nervous system. 

Cordier (8), a believer in the theory of pleural shock, reported in 1910 that the injection 
of iodine into the pleural cavity of a rabbit caused convulsions and death. If the vagus 
nerves were cut, this did not occur. 

Forlanini (10, 11), the father of pneumothorax therapy, maintained that these acci- 
dents were due to pleural shock or eclampsia and held that cerebral embolism did not 
occur. In 10,000 punctures on 134 patients he had 12 accidents, 5 with temporarily 
serious conditions, but all with final recovery. 

Authors of the other school of thought believe that this syndrome of pallor, nausea, 
vertigo, convulsive tremors, coma, paralysis and temporary blindness is due to cerebral 
embolism. They maintain that the mechanism of gas embolism is brought about by the 
introduction of air into the systemic arteries by way of the left heart from the pulmonic 
veins. Air may enter these veins from three sources: the alveolar air, the intrapleural air 
or the air in the pneumothorax apparatus. This may be produced by the puncturing of 
a vein or indirectly through injury of the visceral pleura or lung tissue. If the needle 
punctures the lung, because of fibrous adhesions or other pathological changes, the tissue 
is unable to contract and seal the opening immediately with the result that air is aspirated 
into the pulmonic vessels. Due to the subatmospheric pressure in the veins, air is sucked 
into the lumen, especially if high pressures are employed in the pneumothorax. When 
normal lung parenchyma is injured, the blood vessels are capable of reducing their size 
and their lumina so quickly that little or no air is admitted. 

Brauer (5) in 1912 was the first to recognize the danger of air embolism in thoracic 
work and rejected the opinion held by Roger and others as to these so-called pleural 
reflexes. 

Brandes (4) in 1912 published the report of a case in which he tried to outline the extent 
of an empyema cavity by an injection of bismuth paste through the sinus. The rubber 
catheter apparently injured the wall of the cavity. Most of the bismuth escaped along- 
side of the catheter. The patient had a spasm, with deviation of the eyes and died after 
twenty hours. At autopsy, bismuth was found in the smallest blood vessels of the cerebral 


1From the Department of Medicine, Boston University School of Medicine, and the 
Boston Sanatorium, Mattapan, Massachusetts. 
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cortex of both hemispheres. On examination of serial sections from the wall of the sinus, 
the bismuth could be traced up to the pulmonary capillaries and veins. 

Croizier (9) was convinced that this symptom complex was due to cerebral embolism. 
He repeated the experiments of Cordier but controlled them by manometric readings, 
He induced the convulsions, crises and death described by Cordier only when the iodine 
was injected into the lung tissue itself. Administration of iodine and other irritants into 
the pleural cavity occasionally caused immediate shock, but did not bring about convul- 
sions or death. 

Wever (18) demonstrated, by numerous experiments on rabbits, dogs and cats, the 
effects of introducing air directly into the carotid arteries and found that the symptom 
complex coincides with that sometimes encountered in pleural puncture. Depending on 
the amount of air introduced, he observed variations from mild tremors or mild dis- 
turbances of cardiac and respiratory actions to sudden death. 

Many physicians still diagnose cases which present this symptom complex and go on 
to complete recovery as pleural shock. We have always maintained that the symptom 
complex characterized by pallor, sudden changes in respiration and circulation, dizziness, 
dilated pupils, cyanosis, tonic and clonic convulsions, paralysis, loss of consciousness, and 
sometimes death, is caused by cerebral embolism and not pleural shock. The features 
of the clinical picture of cerebral embolism following pleural puncture are so varied that 
it is quite impossible to classify them. Besides changes in respiration and circulation 
the majority of cases present varying degrees of clonic or tonic convulsions, paralysis 
and ocular disturbances. 

The clonic and tonic convulsions with subsequent paralysis are due to nutritive changes 
in the motor area of the cortex. The pupils are usually dilated and fail to react to light. 
Strabismus may be present. The ophthalmoscopic examination of the retinal vessels for 
the presence of air bubbles is of the greatest diagnostic importance. In cases with ocular 
changes, if examination of the eye grounds is negative, the source of the embolism may lie 
in the occipital lobe. Excessive damage to the vital centres of respiration in the medulla 
oblongata may result in sudden death. In cases of death following this dreaded compli- 
cation, an autopsy should be performed as soon as possible to eliminate any postmortem 
changes in the brain. At times it is impossible to obtain pathologico-anatomical proof 
in fatal cases of air embolism because of the fact that minimal air bubbles introduced 
into the carotid arteries often cause sudden death. 

Chaubaud (7) divided his cases into several groups, syncopal, convulsive and paralytic. 
He found that the syncopal form included 20 per cent of the cases with 80 per cent mor- 
tality. The convulsive and paralytic forms included 80 per cent of the cases with 50 per 
cent mortality. 

Cerebral embolism was a comparatively frequent accident when Forlanini and his 
followers did pioneer work in pneumothorax. No manometer was employed and often 
air was injected at high pressures. With the introduction of the manometer by Saugmann 
this complication has certainly become somewhat less frequent. 

Saugmann (17), in a series of 215 initial pneumothoraces and 5,500 follow-up treat- 
ments, reported 2 cases of cerebral embolism. 

Matz (15) encountered the condition 18 times in a series of 588 treatments. 

Bruns (6) reported 16 cases of cerebral embolism with 7 deaths in a series of 12,700 
pneumothoraces. 

Andrews (1) in a series of 8,528 pleural punctures reported 6 cases with 2 fatalities. 

At the Boston Sanatorium, during the past fifteen years, in a series of 90,120 pleural 
punctures employed mostly in pneumothorax work, we have enountered 12 cases of 
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cerebral embolism and, of these, 3 were fatal. One of the fatal cases, no. 12, we believe 
died of novocaine poisoning and not from cerebral embolism as was thought at first. 

Jessen (13) in 1913 reported a similar case in which he was attempting to anesthetize 
the pleura prior to performing a thoracoplasty. In the process of the novocaine infiltra- 
tion anesthesia the patient had an attack of coughing, became cyanotic, unconscious 
and died within sixteen hours. At autopsy no air could be found in the cerebral vessels. 

Macfie (14) in 1928 reported a case of novocaine poisoning during the injection of the 
pleura before a pneumothorax treatment. This case was definitely substantiated by Sir 
William Willcox. 

Jaquet (12) states that he has witnessed 2 fatalities following the injection of novocaine. 
The first fatality occurred after the injection of 1 cc. of a 1 per cent solution of novocaine 
at the base of a hemorrhoid preparatory to a hemorrhoidectomy. The patient went into 
a state of collapse and expired within ten minutes. The second fatality occurred after the 
injection of about 1 cc. of a 1 per cent solution of novocaine into the superior laryngeal 
nerve for the relief of pain in a case of tuberculous laryngitis. The patient went into a 
state of collapse and expired within twenty minutes. 

Blumer (3) maintains that toxic reactions to novocaine vary considerably in different 
persons. In general, there are two types of serious reactions. In the first type the pa- 
tient falls dead before the physician has time to realize what has happened. The patient 
becomes pale, collapses, gasps for breath and dies. It is likely that in such a case there 
has been rapid absorption which is toxic to the heart and that death is essentially cardiac. 
In the second variety of reaction there is evidence of central stimulation. The events 
occur more slowly, but even here the symptoms can develop rapidly and lead to death 
before the physician appreciates their seriousness. The patient becomes restless, anxious, 
excited and may become delirious. The pulse is weak and irregular and the respirations 
rapid. Convulsions may also appear. There is evidence of sympathetic overactivity 
for the skin is pale and the pupils dilated. Finally the dyspnea becomes marked and 
cyanosis develops. Unconsciousness results and death occurs in coma or convulsions. 
The course of events described may take only a few minutes or extend over several hours. 
There are a number of milder reactions to local anesthetics based on personal idiosyncrasy. 
These are not alarming but the patient should be closely watched. 

The local anesthetics are rapidly destroyed in the body by the liver and if one can 
maintain the respiration until the concentration of the drug has been reduced below the 
toxic level the patient can often be saved. 

In the sudden type of death from cardiovascular collapse the physician is handicapped. 
The patient usually is dead before anything can be done. 

In those cases where the symptoms are more gradual in onset, definite help can be 
rendered. Treatment consists in the administration of artificial respiration if the breath- 
ing is feeble or has ceased. Then a soluble barbiturate should be injected intravenously 
in sufficient dose to stop convulsions or if the latter are not present to put the patient 
to sleep. 


OBSERVATIONS 


At the Boston Sanatorium we appreciate the hazards of novocaine infiltration 
anesthesia. Consequently it is employed in a 1 per cent solution and only for 
the initial pneumothorax treatment and not for subsequent refills. We also 
stress the importance of pulling back on the piston of the syringe during the 
novocaine injection so as to avoid the danger of injecting the drug into a vein. 
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In the past ten years one of the writers (J. B. A.), in a series of over 10,000 
pleural punctures employed in pneumothorax work, thoracocentesis and 
pneumonolyses, has been fortunate in having had only one case of cerebral 
embolism (case 11). 

At the Boston Sanatorium in a series of about 700 intrapleural pneumonolyses 
and thoracoscopic examinations, both with and without manipulation of the 
visceral pleura, we have never observed a case of so-called pleural shock or air 
embolism. 

If such a mechanism of pleural reflexes existed, the mechanical and thermal 
stimulation of intrapleural pneumonolysis should certainly produce pleural 
shock. Apparently, the absence of the symptom-complex in these cases is 
due to the fact that the visceral pleura is not damaged which might allow chances 
for air embolism to occur. 

In the prevention of cerebral embolism careful technique is of extreme impor- 
tance. We have always placed great emphasis upon the mental attitude of 
the patient. The preoperative administration of a sedative is advocated. 
We recommend the use of novocaine in all cases of initial pneumothorax. In- 
asmuch as cerebral embolism occurs more frequently at the first attempt at 
artificial pneumothorax, the patient should receive his treatment not in the 
operating room but at the bedside. In this way the patient might be kept 
lying flat with his head lowered while the treatment is being given. With the 
head in this position, in case of cerebral embolism the air bubbles do not have 
a tendency to reach the capillaries of the brain. 

The site of puncture should be away from the area of disease. All possible 
injury to the lung and pleura should be avoided. 

Air should not be introduced until definite subatmospheric manometric 
reading is obtained and definite oscillations are present. The location of the 
needle should be known at all times during the procedure. Every case should 
be fluoroscoped frequently so that the operator is well acquainted with the 
armount of collapse that is present. We have never seen a case of cerebral 
embolism in a patient with a good collapse. 

Patients with adhesions should always be approached cautiously and only 
after careful physical and X-ray study. Of course, it must be admitted that 
cerebral embolism, especially during the initial pneumothorax induction, cannot 
be prevented in every case since one cannot tell by X-ray study whether or not 
the lung that we intend to collapse is adherent. 

No one will deny that the needle injures the adherent lung without our knowl- 
edge in a very high percentage of cases during the initial pneumothorax induc- 
tion. It is indeed a fortunate coincidence that cerebral embclism does not 
occur more frequently. 

When cerebral embolism occurs the operation should be stopped immediately 
and the patient’s head lowered if it is not already so. The cardiac action should 
be reinforced with stimulants such as adrenaline hydrochloride, coramine or 
caffeine sodium benzoate. We should concentrate on strengthening the heart 
action and increasing the blood flow through the brain in order to force the air 
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bubbles from the capillaries in the brain, as soon as possible, and drive them 
to the lungs. Morphia should not be employed as it is a respiratory depressant. 

When confronted by cerebral embolism the clinical signs during the attack 
will give a fairly practical indication of the extent of the lesion. If the patient 
survives the first attack, the outlook is good, and he will gradually recover 
from all the bad effects of the accident. In the great majority of cases all the 
symptoms are temporary. 

The ultimate prognosis in any case of cerebral embolism following pleural 
puncture depends upon the amount of air entering the blood-stream and upon 
the region of the brain which is most seriously damaged. 

The object of this paper is to emphasize the risk of introducing a needle into 
a diseased lung. The confusion which exists between the two schools of thought, 
namely pleural shock and cerebral embolism, tends to give a false notion con- 
cerning the seriousness of this complication. From our experience, we believe 
that pleural shock is rare and may occur in very excitable and neurotic patients, 
but the symptom-complex of cyanosis, changes in respiration and circulation, 
convulsions, ocular disturbances, loss of consciousness, aphasia, paralysis, and 
sometimes death, occurring during pleural puncture is definitely due to cerebral 
embolism. 


CASE HISTORIES 


Case 1: F. L., male, age 48, was admitted with a history of cough, expectoration, weakness 
and loss of weight. The sputum was positive for tubercle bacilli. Roentgenogram re- 
vealed bilateral infiltration with cavitation at the right top. 

Right pneumothorax was advised. During the initial treatment, after the injection 
of about 50 ce. of air, the patient went into a state of collapse. He became pulseless, 
cyanotic and developed tonic and clonic convulsive movements of both arms and legs. 
His pupils became widely dilated and his respirations were quite feeble. The blood pres- 
sure was 90/60. Coramine was immediately injected and the patient responded quite 
well. Air bubbles were seen in the retinal vessels. He developed a left-sided hemiplegia. 
The use of his left arm and leg returned at the end of eight days. 

Five months later he left the hospital against advice. 


Case 2: B. 8., female, age 28, was admitted with a history of cough, expectoration, loss 
of weight and frequent colds. The sputum was positive for tubercle bacilli. Roent- 
genogram revealed bilateral infiltration with cavitation at the left top. 

Left pneumothorax was advised and during the initial treatment, after the injecting 
of 100 ce. of air, the patient went into collapse. She became pulseless, cyanotic and had 
several tonic and clonic convulsive movements. Her pupils were slightly dilated. Cora- 
mine was immediately given and the patient made a complete recovery in twenty minutes. 
No air bubbles could be seen in the retinal vessels. 

Two days later, left pneumothorax was successfully instituted and the patient ob- 
tained a good collapse. Her sputum became negative and she was discharged. 


Case 3: 8. G., male, age 37, was admitted with a history of cough and blood-streaked 
sputum. The sputum was positive for tubercle bacillii. Roentgenogram revealed bi- 
lateral infiltration with cavitation in the right upper lobe. 
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Right pneumothorax was advised. Ten treatments were administered in which about 
200 cc. of air were injected each time. Fluoroscopic examination showed a fairly good 
anterior-posterior collapse of the right lung but poor lateral collapse. During the eleventh 
treatment, after the injection of 75 cc. of air, the patient went into a state of collapse. 
He became cyanotic and pulseless. The respirations were weak, the pupils widely dilated 
and there was rigidity of both upper and lower limbs. Coramine was immediately given 
and the patient responded well. No air bubbles could be seen in the retinal vessels. 
After two days, the vision which was blurred at the time of the attack had cleared up and 
the stiffness of the limbs had disappeared, with the exception of the left leg which is still 
somewhat rigid even to-day, two years following the cerebral accident. 

The patient made an uneventful recovery and with continued bed-rest his sputum 
became negative and he was discharged. 


Case 4: H. C., female, age 30, was readmitted because of occasional streaking. Her 
sputum was positive for tubercle bacilli. On her previous admission she had been treated 
by bilateral pneumothorax and bilateral intrapleural pneumonolyses. Roentgenogram 
revealed bilateral partial pneumothorax. The collapse on the right side was more satis- 
factory than on the left. 

During the first refill on the left side, while the operator was trying to obtain a mano- 
metric reading, the patient went into collapse, became cyanotic and pulseless. The 
respirations became very feeble and she had several tonic and clonic convulsions. Cora- 
mine was immediately given and in two minutes the patient was dead. No air bubbles 
could be seen in the retinal vessels. The blood pressure was 80/60. 

A postmortem examination performed twelve hours later showed the presence of a 
bilateral pneumothorax with adhesive pleuritis on the left side. A small puncture wound 
was found in the left pleural cavity. No air was detected in the cerebral vessels. 


Case 5: F.F., male, age 49, was admitted with a history of slight cough, loss of appetite 
and weight, weakness and dyspnea. The sputum was positive for tubercle bacilli. 
Roentgenograms revealed a decrease in radiability of the right lower lung field consistent 
with fluid and slight infiltration of the left top. On thoracocentesis of the left chest, 
1,000 ce. of straw-colored fluid was aspirated. This procedure was performed about 
once monthly. 

This fluid eventually became thick and it was impossible to aspirate it. After ten 
such treatments it was decided to aspirate by catheter method. During the latter proc- 
ess, while the catheter was being inserted, the patient collapsed, became cyanotic, pulse- 
less, had tonic and clonic convulsions and developed a right-sided hemiplegia. The 
pupils were widely dilated. Adrenaline was immediately given and the patient’s condi- 
tion gradually improved. No air bubbles could be detected in the retinal vessels. In ten 
days the patient had made a complete recovery. Two months later, because of marked 
dyspnea, a thoracotomy was performed. About one inch of the ninth and tenth ribs on 
the right side posteriorly was resected and a catheter was introduced. Pleural irrigation 
with Dakin’s solution eventually succeeded in clearing up the empyema. The sputum 
became negative and the patient was discharged. 


Case 6: J. F., male, age 52, was admitted with a history of cough, expectoration, weakness 
and hemoptysis. Roentgenogram revealed infiltration of both tops with cavitation in 
the right infraclavicular area. The sputum was positive for tubercle bacilli. 

Because of continued hemoptysis, pneumothorax was attempted on the right side. 
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During this procedure, after the injection of 150 cc. of air, the patient went into severe 
collapse, became cyanotic, pulseless and respiration was markedly diminished. The left 
arm and leg became rigid and the pupils widely dilated. Coramine was immediately 
given with pulse and respiration returning to almost normal rate. Blood pressure was 
100/70. No air bubbles could be made out in the retinal vessels. 

An hour later the patient’s condition became worse; he went into a convulsion, then 
coma, and expired the next day. Autopsy permit was refused. 


Case 7: R. G., female, age 21, was admitted with a history of cough, expectoration, weak- 
ness and loss of weight. The sputum was positive for tubercle bacilli. Roentgenogram 
revealed infiltration with cavitation in the right upper lobe. 

Right pneumothorax was advised and an initial injection of 300 cc. of air was given. 
Two days later, during the second treatment and after the injection of 25 cc. of air, the 
patient went into collapse. She became rigid, very dyspneic and cyanotic. The pulse 
was weak and rapid. The pupils were somewhat dilated. The blood pressure was 80/40. 
Coramine was immediately given and the patient responded well. No air bubbles could 
be seen in the retinal vessels. Within twelve hours she had made a complete recovery. 

The patient was discharged seventeen months later. 


Case 8: H.L., male, age 35, was admitted with a history of cough, expectoration, hemop- 
tysis and loss of weight. The sputum was positive for tubercle bacilli. Roentgenogram 
revealed infiltration in both upper lobes with cavitation in the right top. 

Right pneumothorax was advised and during the initial treatment, after the injection 
of 100 cc. of air, the patient went into collapse. He became very dyspneic, cyanotic and 
the pulse was very weak. The pupils were slightly dilated and the eyes rotated to the 
left. Coramine was immediately given and within twenty-four hours the patient had 
made a complete recovery. No air bubbles could be seen in the retinal vessels. Four 
months later, because of progression of his pulmonary disease, the patient died. 

Autopsy revealed bilateral disease with cavitation in the right upper lobe, tuberculous 
tracheitis and bronchitis, amylod spleen and liver. No pathological changes were found 
in the brain. 


Case 9: J. K., male, age 20, was admitted with a history of cough, weakness, streaking and 
loss of weight. The sputum was positive for tubercle bacilli. Roentgenogram revealed 
infiltration and cavitation in the left upper lobe. 

Left pneumothorax was advised and, during the initial attempt, after the injection of 
50 ce. of air, the patient went into collapse. He became cyanotic, pulse disappeared, 
respiration became feeble and the pupils widely dilated. Adrenaline was given and the 
pulse returned shortly, but the patient remained comatose for about three hours. The 
blood pressure was 80/50. He complained of severe headaches and blurring of vision 
for about six hours. Air bubbles could not be detected in the retinal vessels. Within 
twenty-four hours the patient made a complete recovery. Six months later the patient 
underwent a two-stage left-sided thoracoplasty with an excellent result. 


Case 10: M. H., female, age 34, was admitted from another hospital with a history of 
cough, hemoptysis, loss of weight and dyspnea. The sputum was positive for tubercle 
bacilli. Roentgenogram revealed the presence of fluid in the left chest and infiltration 
with a small cavity in the right upper lobe. Thoracocentesis of the left chest showed the 
presence of an empyema. About 200 cc. of pus were removed from the left chest and 
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replaced by 150 cc. of 5 per cent gomenol and 100 cc. of air. This procedure was carried 
out every three weeks. 

On the tenth treatment, following completion of the operation, the patient said that 
she was going to faint, tried to get up from the table and slumped into a coma. The 
patient became rigid, dyspneic and pulseless. Coramine was immediately given. The 
pulse and respirations came back and the patient’s color improved. The pupils were 
widely dilated. The blood pressure was 80/60. Ophthalmoscopic examination showed 
presence of air bubbles in the retinal vessels. The patient was unable to see for two days 
and her vision was blurred for about a week. She made a complete recovery from the 
cerebral accident and went home against advice. 


Case 11: M. B. (case of J. B. A.), male, age 42, was admitted with.a history of cough, 
expectoration, weakness and loss of weight. The sputum was positive for tubercle bacilli. 
Roentgenogram revealed infiltration and cavitation in the right upper lobe. 

Right pneumothorax was advised and on the initial treatment the patient received 200 
cc. with good readings. Two days later, while the patient was receiving his second treat- 
ment and after the injection of 50 cc. of air, he complained of sudden pains in the head, 
became dyspneic, pulseless, rigid and cyanotic. Adrenaline was immediately given and 
the pulse returned. His pupils were widely dilated and ophthalmoscopic examination 
showed the presence of air bubbles in the retinal vessels. The patient complained of 
blurring vision and terrific headaches. The blood pressure was 94/50. About half an 
hour later the patient had a convulsion, became slightly irrational and developed a left- 
sided hemiplegia with aphasia. On the next day the patient complained of inability to 
move the left arm and leg. That afternoon the patient had another convulsion involving 
the right arm and leg but with no ensuing hemiplegia. By the fourth day the patient had 
made a complete recovery although he still had some aphasia. 

Six months following the cerebral embolism, because of progression in his pulmonary 
disease, the patient died. 


Case 12: M. §., female, age 26, was admitted with a history of cough, expectoration, 
night-sweats and loss of weight. The sputum was positive for tubercle bacilli. Roent- 
genogram revealed bilateral infiltration with cavitation in the left upper lobe. 

Left pneumothorax was advised. During the injection of 2 cc. of a 1 per cent solution 
of novocaine in the seventh intercostal space on the left side in the posterior-axillary line 
preparatory to pneumothorax, the patient suddently went into collapse, appeared pros- 
trated, developed generalized clonic convulsive movements, loss of consciousness, cyanosis, 
feeble breathing and became pulseless. Coramine was immediately given both by sub- 
cutaneous and intravenous routes but the patient died within two minutes. 

A postmortem examination was performed two hours after death, and revealed bilateral 
pulmonary fibrocaseous tuberculosis with cavitation in the left upper lobe; bilateral 
obliterative pleuritis; puncture wound of the left pleural cavity; examination of the brain 
was negative. 

Microscopy revealed no cause of immediate death. The medical examiner concluded 
that this was a true case of novocaine poisoning. 


SUMMARY 


1. A brief review of the literature on pleural shock and cerebral embolism 


has been presented. 
2. Experimental evidence and clinical observations definitely support the 
theory of cerebral embolism. 
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3. The symptom-complex of cerebral embolism is characterized by pallor, 
dizziness, ocular disturbance, tonic and clonic convulsions, unconsciousness, 
changes in the respiration and circulation, paralysis and, sometimes, death. 

4. The treatment consists of lowering the patient’s head and giving cardiac 
stimulants. 

5. The prognosis in cerebral embolism depends upon the amount of air enter- 
ing the blood-stream and the region of the brain most seriously involved. 

6. At the Boston Sanatorium in a series of 90,120 pleural punctures, we have 
encountered 12 cases with 3 fatalities. One of the fatal cases we have attributed 
to novocaine poisoning. 

«47. There are two types of serious reactions following novocaine poisoning. 
. 8. Novocaine in a 1 per cent solution should be employed only for the initial 
pneumothorax treatment and not for the subsequent refills. 


SUMARIO 


1. Preséntase en este trabajo un breve repaso de la literatura relativa al 
choque pleural y a la embolia cerebral. 

2. Los datos experimentales y las observaciones clinicas apoyan decidida- 
mente la teorfa de la embolia cerebral. 

3. El complejo sintomatico de la embolia cerebral caracterizase por: palidez. 
vértigo, trastornos oculares, convulsiones ténicas y clénicas, pérdida del cono- 
cimiento, alteraciones respiratorias y circulatorias, pardlisis y a veces la muerte. 

4. El tratamiento consiste en bajar la cabeza del enfermo y administrarle 
ténicos cardiacos. 

5. En la embolia cerebral el prondéstico depende de la cantidad de aire que 
penetre en el torrente sanguineo y en la regién cerebral mas afectada. 

6. En el Sanatorio de Boston en una serie de 90,120 punciones pleurales, se 
han observado 12 casos de embolia cerebral con tres muertes. Uno de los 
casos letales se imput6é a envenenamiento por novocaina. 

7. Hay dos clases de reacciones graves consecutivas al envenenamiento por 
novocaina. 

8. La novocaina al 1 por ciento debe emplearse tinicamente para el neumo- 
térax terapéutico inicial y no para los rellenos subsiguientes. 
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FAMILY HISTORIES IN TUBERCULOSIS! 
S. E. SIMPSON 


One of the most interesting and profitable methods of discovering new cases is 
by means of contact examinations. This requires an intimate study of the home 
environment and personal knowledge of the family personnel and problems. 
An investigation of the home and examination of all contacts requires both time 
and patience because many individuals have to be educated and shown the 
necessity for submitting to an X-ray examination of the chest. The greatest 
difficulty lies not with the younger but the older generations, the latter being 
reluctant in a great many instances to make the necessary effort to attend a clinic 
held at the sanatorium. 

Many physicians, surprisingly enough, and the majority of the lay people still 
cling to the old idea of heredity as playing an important part in the spread of 
tuberculosis in any one family. One reason for this misconception is the method 
of taking histories where emphasis is placed on obtaining all the names of persons 
in the family and the causes of death in past generations. Also, all know of 
entire families wiped out by tuberculosis in the old days without realizing the 
fact that the disease was not limited to the family but undoubtedly spread out- 
side the family circle at the same time. In attempting to correct this attitude, a 
series of five family charts have been used to illustrate the extent of tuberculosis 
both within and without the family. These begin with family tuberculosis in 
its simplest form proceeding gradually to its most complex form where it was a 
community rather than family problem, emphasizing the public health impor- 
tance of disease. Statistics were avoided as the audience immediately loses 
interest and cannot remember figures. However, the family charts convey a 
visual image of the path of infection from one individual to another, from one 
family to another through contact. 

The value of this method of finding new cases has been proved many times by 
many authors and is generally accepted by all. Opie and McPhedran (1) demon- 
strated in a series of articles that over 9 per cent of household contacts developed 
tuberculosis when exposed to positive sputum cases and that 6 per cent developed 
the disease when living with negative sputum patients. Beeuwkes, Hahn and 
Putnam (2) verified these conclusions in a statistical review of their work in the 
field. Edwards (3), in an excellent article on Case Finding in Tuberculosis, an 
Adult Problem, concludes that “After a careful perusal of the volume of material 
in current literature on tuberculosis surveys, it becomes immediately obvious 
that the great bulk of our effort in the past has been devoted to contact exam- 
inations. This is fundamental in any tuberculosis program. The problem 
among this group that is presented time and again is that as a rule we only exam- 
ine about one-half of the known contacts and that the percentage is highest 
among the younger ages where we do not expect to find manifest tuberculosis. 


1 From the Jefferson County Sanatorium, Watertown, New York. 
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The adult ages are the most important and demand greater effort to secure 
coéperation.”’ 

The importance of carrying the investigation outside the household is em- 
phasized in a paper by Downes (4) who concludes, in an interesting study of 
families with tuberculosis in Cattaraugus County, New York, that “the spread 
of serious disease from tuberculous families into the larger universe, the com- 
munity, is at least as great as within the family.” 

Our study of tuberculous families includes both points brought out by the last 
two authors. Every person, irrespective of age or sex, with special emphasis 
on the older age groups, was asked to come in for examination, with very satis- 
factory results as to codperation. All possible contacts outside the family 
likewise were requested to submit to an X-ray examination. In many cases 
these contacts presented themselves voluntarily before being interviewed by 
the investigating nurse. In the last group to be discussed, where many persons 
in a small village had tuberculosis, an attempt, partially successful, was made to 
examine all the inhabitants by means of a mass survey conducted through the 
assistance of the local Grange Society. 

The examination consisted of a history, both family and personal, a physical 
examination when indicated by suspicious or manifest disease, a fluoroscopic and 
roentgenographic examination and a Mantoux tuberculin test on those under 20. 
The coéperation of the family physician was first obtained by getting his per- 
mission to enter the home for investigation and by sending complete reports of 
the clinic examination to him. Likewise, the results of the survey are discussed 
with the heads of the family so that they are entirely familiar with the purposes 
and results of the work accomplished. 

The family histories are divided into five groups starting with the simplest 
picture where tuberculosis involves one person in each of three succeeding gen- 
erations. The second group reviews the findings in a larger family of 28 mem- 
bers with tuberculosis limited as far as we know to the family circle. The third 
group presents a slightly more complicated picture in that two families are 
involved with a definite history of contact between the two. The fourth group 
carries this one step further in that a number of persons with tuberculosis are 
related only through contact, each with a succeeding one, until we have 8 cases, 
only 2 of whom are blood relations, a father and his baby son. The last presents 
the most complex problem, as nine families had to be included, five of them 
related by marriage and four only by contact with some member of the first five. 
Here the path of infection appears to be quite clear, however, and illustrates 
the wide-spread nature of the disease and dissemination of the tubercle bacillus. 

This first family shows the path of infection in its simplest form, involving 
three generations: maternal grandmother, mother and daughter. The disease 
has been apparently limited to immediate members of the family, as no other 
case of tuberculosis has been traced back to it. 


GROUP I 


Case 1: A 23 year old married woman was first admitted to the clinic on March 17, 1938 
for a chronic, productive cough, nightsweats, loss of appetite and weight for several 
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months. Her chest film showed bilateral infiltration with cavity formation and she was 
immediately hospitalized and collapse therapy started on one side. However, she left 
against advice, as neighbors reported suspected infidelity on the part of the husband. 
Later, she developed an empyema, resulting in a broncho-pleuro-cutaneous fistula, in 
1941. She is still living but in poor health. 


Case 2: Six days later, March 23, 1938, her only child, a girl of 2, was admitted as a patient 
with a diagnosis of tuberculosis of the left knee. The family physician had treated her 
for rheumatic fever with involvement of the knee joint. Her tuberculin (Mantoux) 
reaction was positive. A chest film showed infiltration at the right base and of the hilar 
nodes. The knee was markedly swollen and a film revealed destruction of the joint sur- 
faces. After a fusion operation she was discharged well in 1941. Unfortunately, the 
mother insisted that she live with her and nothing could be done to prevent this. 

The father, aged 28, was examined in 1938 and at yearly intervals until 1942, when he 
joined the armed forces and no evidence of tuberculosis was ever found. 


PeAt+Knee 
2 
Cuart 1. Group I. Square: male; Circle: female; Neg.: no tuberculosis; F. A.: far 
advanced; Pr. A.: primary, active; Knee: tuberculosis of knee joint. 
Path of infection: grandmother (case 3) to mother (case 1) to daughter (case 2). 


Case 3: On January 10, 1940, the 45 year old maternal grandmother visited this child 
during a severe snowstorm. She collapsed at the door and the assistant physician per- 
suaded her to have an X-ray film of the chest for possible heart disease as she had refused 
examination during the previous two years. She was found to have far advanced pul- 
monary disease with bilateral infiltration and large cavity formation. She refused to 
accept sanatorium care and died at home ten months later. Her husband would only 
consent to a fluoroscopic examination and no pulmonary disease was seen. 


Summary: The story is simple, the tuberculosis passing from grandmother 
to the mother and finally daughter. The first patient is dead, the second crit- 
ically ill and the third well. The male members were not involved (see chart 1). 


GROUP II 


The history of tuberculosis in this next family covers a period of eighteen 
years with one member still under active treatment. The source was never 
found but the disease has apparently been limited to the family. Of the 22 
persons involved, 14 show infection either by positive Mantoux reactions or 
active tuberculosis. 
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Case 1: On December 7, 1926, a 23 year old, married woman was examined for a produc- 
tive cough and loss in weight of one year’s duration. The physical examination showed 
medium coarse réles throughout each lung field and the sputum contained tubercle ba- 
cilli. No record of an X-ray examination of the chest could be found. She refused to 
enter the sanatorium and instead went to a neighboring county to live in a tent in the 
woods with her husband and one child. She died in October, 1927. 


Case 2: The second youngest sister of the first patient came to the clinic on June 13, 1929. 
She was single and 18 years old. Her X-ray film revealed bilateral infiltration and cavity 
formation and the sputum was positive. She was admitted two months later and died in 
December of the same year. 


Neg. Neg. 
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Cuart 2. Group II. Square: male; Circle: female; Neg.: no tuberculosis; R. E.: refused 
to be examined; F. A.: far advanced; M. A.: moderately advanced; Min.: minimal; Sp. & 
K.: tuberculosis of spine and kidneys; Pr. H.: primary, healed; P. T.: positive intracuta- 
neous tuberculin. 

Path of infection: Outside source unknown. Four sisters with pulmonary tuberculosis 
(cases 1, 2, 4 and 6) 2 of whom are dead (cases 1 and 2). Four brothers with healed primary 
lesions or positive tuberculin tests. Six grandchildren infected, 2 (cases 3 and 5) with 
active disease, 3 with healed primary lesions and one with positive tuberculin, each being a 
contact with their mother. 


Case 3: The third patient in this family was the 5 year old daughter of the second oldest 
sister; she was admitted on October 14, 1930. She had been treated for arthritis of un- 
known origin for one year and had grown steadily worse. An X-ray film of the spine 
showed destruction of the seventh, eighth and ninth dorsal vertebrae which was diagnosed 
as tuberculous. A fusion operation was done by an orthopedic surgeon in 1935 and she 
was discharged well one year later. However, shortly after her discharge she complained 
of frequency of urination and examination of the urine revealed numerous tubercle bacilli. 
Intravenous urography showed bilateral tuberculosis of the kidneys. As she was un- 
willing to return to the sanatorium she was treated at home by her physician and was 
still alive in 1944. Her mother and two sisters were then examined. 


Case 4: The 25 year old mother of the previous case showed an infiltrative lesion in the 
right upper lobe when X-rayed on October 28, 1930; a diagnosis of minimal tuberculosis 
was made. She refused sanatorium care until two years later when tubercle bacilli were 
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found in the sputum. After two years of curing she was discharged arrested and in 1939 
was called apparently cured. 

Her oldest daughter, 8 years, had a positive Mantoux test on the first examination but 
no pulmonary involvement. The second oldest, 6 years, also had a positive Mantoux 
reaction and active primary pulmonary disease. This one developed active tuberculous 
cervical adenitis which was treated successfully by surgery. Her only son, 4, had a posi- 
tive skin reaction and healed primary tuberculosis of the lungs. 


Case 5: About one month later, November 11, 1930, the 8 year old son of the first patient, 
who died of tuberculosis in 1927, was admitted with an active primary lesion in the right 
upper lobe. His Mantoux test was positive. He was discharged in 1935 as having healed 
primary tuberculosis. Following an hemoptysis he returned to the sanatorium with 
definite infiltration in the same area as the primary lesion was located. Artificial pneu- 
mothorax was started with a satisfactory collapse, but within a year the tuberculous 
disease had involved the left upper lobe and collapse therapy was started on that side. 
He finally left against advice in August, 1944 with bilateral pneumothorax. Only once 
during the ten years in the sanatorium did we find tubercle bacilli in the sputum, and that 
was in June, 1944, shortly after a recent spread of the disease. He is still under treatment 


in the clinic. 


Case 6: On December 30, 1930, the third oldest sister in this family was examined as a 
contact, at the age of 23, and was found to have tuberculous infiltration in the right 
upper lobe. She had no pulmonary symptoms and refused to enter the sanatorium. 
However, four years later, July 2, 1934, she came in following several moderately severe 
hemoptyses and remained only about four months, leaving against advice. No sputum 
was obtained for examination. Reéxamination in 1938 and 1941 showed the disease to 
be apparently cured. 

She had one illegitimate son who had a positive Mantoux reaction and a calcified node 
in the right lung when first examined one month previous to his mother’s first examina- 
tion. He is alive and well at the present time with a healed primary pulmonary infec- 
tion. The mother was married in 1937 and her husband, when examined shortly after- 
ward, was negative for tuberculosis. 

Two remaining sisters came to the clinic in 1929 and 1930 and no evidence of tubercu- 
losis was found. Three young brothers in this large family were checked in 1930. Two 
had healed primary lesions and one had only a positive skin reaction. The fourth brother 
and last member was examined in 1934 and had a healed primary lesion with positive 
Mantoux reaction at that time. None has returned for reéxamination. 

The parents were checked in 1932 and 1934 and no evidence of tuberculosis was found 


by X-ray examination. 


Summary: A large family of 10 children and 6 grandchildren were investigated 
between 1926 and 1930 because of contact with the oldest sister who died of 
tuberculosis in 1927, one year after the diagnosis was established. The fifth 
sister died of the same disease in 1929 and 2 others, the second and third, were 
treated in the sanatorium for active lesions in 1932 and 1934, respectively. Two 
sisters and the parents were negative but the 4 young brothers had all been 
infected as evidenced by positive tuberculin reactions and in 3 by healed primary 


lesions in the lungs. 
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Two of the grandchildren have active tuberculosis. The only son of the first 
patient has been in the sanatorium for five years on two separate occasions, a 
total of ten years, the latter time with moderately advanced tuberculosis. The 
second grandchild, the daughter of the second sister, was admitted for tubercu- 
losis of the spine, treated for six years and then developed bilateral tuberculous 
nephritis from which she is still an invalid. One of her sisters had a tuberculous 
cervical adenitis, treated surgically by a local surgeon and not in the sanatorium. 

No one knows how the tuberculosis entered the family as the clinics were 
just under way when the first case was discovered and no contact work was being 
done at that time, in 1926. Of the 28 persons, 2 have died, 2 have active disease 
at the present time, 2 more have apparently healed lesions in the lungs, 6 have 
healed primary lesions in the lungs and 2 more have positive Mantoux reactions 
without involvement of the lungs. The parents and 2 sisters are the only ones 
without infection, based on X-ray examinations alone. Three husbands are 
also negative (see chart 2). 


GROUP III 


This group represents the involvement of two families, unrelated except 
through contact of one individual in the first with another individual in the 
second. The tuberculosis has broken out of the limits of the household to in- 
vade'‘another. 


Families 
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Cuart 3. Group III. Square: male; Circle: female; Neg.: no tuberculosis; R. E.: refused 
to be examined; N. E.: not examined; F. A.: far advanced; M. A.: moderately advanced; 
Min.: minimal; Pl. Eff.: tuberculous pleural effusion; Tr.-Br.: tracheobronchial tubercu- 
losis; Pr. H.: primary, healed; P. T.: positive intracutaneous tuberculin; N. T.: negative 
intracutaneous tuberculin. 

Path of infection: Family A, 2 great-grandmothers to (probably) grandmother to 4 
children (cases 1, 2,3 and 4). From case 4 to 6 out of 9 nieces and nephews (case 5) and to 
companion (case 6) in Family B. 
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Case 1: (Family A) A 40 year old married man was referred to the clinic by his family 
physician on April 9, 1934 for a left pleural effusion; 500 cc. of clear fluid was aspirated 
one month later and the patient never returned for another examination. The diagnosis 
was tuberculous pleural effusion. He is living and well to-day. His wife was never 
examined. No contact examinations were done. 


Case 2: (Family A) On November 23, 1936 his 25 year old single sister was admitted 
to the sanatorium with a diagnosis of far advanced pulmonary tuberculosis. She was a 
school teacher and had had a productive cough with loss of appetite and weight for at least 
one year previous to admission. She had been treated for bronchitis. Bilateral pneu- 
mothorax was tried but she died on February 15, 1937. 

A careful family history was obtained from her and other members of the family. 
Her grandmothers had both died of tuberculosis many years previously and she had had 
no contact with them. Her father had died of “cardiac disease’ several years ago. Her 
mother also was supposed to have died of “cardiac disease’? but she had coughed and 
raised sputum for a number of years before her death, so there is a strong possibility that 
she had tuberculosis, especially in view of the fact that her mother had died of the disease. 


Case 3: (Family A) The 23 year old brother (the youngest of this family of 6 children) 
came from another state to attend his sister’s funeral and was persuaded to submit to an 
examination on February 18, 1937. He had not had any pulmonary symptoms but his 
chest film revealed tuberculous infiltration in the left upper lobe with a small cavity. 
Sputum was obtained and this was positive for tubercle bacilli. He was admitted one 
month later, remaining in the sanatorium for nine months, being discharged with artificial 
pneumothorax collapse of the involved lung. Later he developed an effusion and em- 
pyema in another city, but made a good recovery. 


Case 4: (Family A) The day following the admission of her 25 year old sister, another 
member, aged 32 and single, was examined and found to have a minimal tuberculosis, 
probably inactive. She was followed in the clinic for seven years and finally classified 
as apparently cured. She married a former patient and had one child whom she has 
refused to have X-rayed or tuberculin tested. 


Case 5: (Family A) Under this number, 8 children are included, all being sons and 
daughters of the second oldest sister of this family. The mother, aged 40, was examined 
along with her children on March 30, 1937, because of contact with the 25 year old school 
teacher, her youngest sister. No evidence of tuberculosis was found in her X-ray film. 
Her husband refused to be examined. All the children, from the ages of 2 to 18 years, 
were X-rayed and tuberculin tested. The 6 oldest ail had positive reactions and 4 showed 
healed primary lesions. The two youngest, 2 and 4 years, respectively, were negative 
both then and five years later. 

The explanation of this difference in tuberculin reactions between the 6 oldest and 2 
youngest lies in the fact that these 6 had spent their summer vacations with their aunt 
who died of tuberculosis, while the 2 youngest had been kept at home by the mother so 
did not come in contact with an active case. Thereby, they escaped infection. 


Case 6: (Family B) Almost one year after the admission of case 2, another school teacher, 
29 years old and single, was admitted as a patient on July 26, 1938, for minimal tubercu- 
losis with a positive sputum. She had been X-rayed five years previously and no evi- 
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dence of tuberculosis was found. While in college she had a tuberculin test done in 1934 
and this was negative. During the next three summer months she attended summer 
school and was a roommate of case 2in Family A. After four months of bed-rest without 
improvement collapse therapy was tried, also unsuccessfully, as the sputum remained 
positive. She was transferred to another sanatorium for pneumonolysis and it was dis- 
covered that she had severe tracheobronchial tuberculosis. She died fourteen months 
after her admission to our sanatorium. 

Her father refused to be examined but her mother consented and no tuberculosis was 
found by X-ray examination. Her younger sister was finally examined in 1944, having 
refused to be X-rayed up to that time, and no tuberculosis was found. 


Summary: Two grandmothers in Family A died of tuberculosis many years 
ago. The mother was supposed to have died of “heart disease’”’ at 60 but had 
very suspicious pulmonary symptoms for several years before her death. There 
were 4 sisters and 2 brothers in the family. Two of the sisters were found to 
have pulmonary tuberculosis, the youngest dying of this disease in 1937. The 
other 2 had no pulmonary disease. Both brothers had tuberculosis, the older 
a tuberculous pleural effusion, diagnosed in 1934 and the younger moderately 
advanced disease, in 1937. The second sister had 8 children and the 6 oldest 
had positive Mantoux reactions, 4 of them showing primary healed lesions by 
X-ray examination. All had been exposed to the youngest aunt with far ad- 
vanced disease. The 2 youngest escaped, as they were not exposed, being 
considered too young to spend vacations with the aunt. 

Finally, this 25 year old aunt infected her college roommate who died of 
tuberculosis two and one-half years later. No other member of this second 


family has been involved. The history of exposure of this patient in Family B 
is quite clear (see chart 3). 


GROUP IV 


This next group of cases indicates the spreading nature of the infection ir- 
respective of blood relationship. The first 3 cases were found as a result of 
clinic examinations but the remaining group as discovered through contact work 
by the nursing staff. 


Case 1: A 57 year old, married man, of Roumanian birth, was referred to the clinic by 
his family physician on May 24, 1932, for a persistent productive cough and loss in weight 
of one year’s duration. A diagnosis of far advanced tuberculosis was made on X-ray 
and sputum examinations and he was admitted to the sanatorium where he died three 
months later. His family lived in Roumania. 


Case 2: A second Roumanian man, also married and 40 years old, was examined on July 
26, 1932 with similar symptoms as the first. He also had far advanced tuberculosis and 
died in the sanatorium nearly four years later. His wife had died in childbirth. He had 
4 children all of whom had positive tuberculin reactions, 3 accompanied by healed primary 
pulmonary lesions. This patient was a close friend of the first patient. 


Case 3: The third Roumanian man, aged 55, was admitted to the sanatorium on Septem- 
ber 1, 1938, with far advanced pulmonary tuberculosis and positive sputum. He died 
twenty-two months later. His wife, a sister to the wife of the first patient, lived in Rou- 
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mania with her daughter. At the time of his admission he was boarding with a fourth 
Roumanian, his wife and their second oldest son. This family was examined immediately, 
resulting in the discovery of a series of new cases during the next five years. 


Case 4: The second son of the above family was examined five days after case 3 was diag- 
nosed. He admitted that he had been losing weight and had had a productive cough for 
several months. The X-ray film showed a unilateral lesion with small cavity formation. 
The sputum was positive; he was admitted to the sanatorium where he remained for about 
one year. Films taken in 1943 revealed infiltration in the opposite lung but he refused to 
be readmitted. At the time of his admission he was 24 and married to a 19 year old girl 
who is the next case. 


Case 5: At the time of her husband’s admission to the sanatorium this young woman was 
a maid in the infant’s ward in a local hospital. She was discharged immediately but did 
not come in for examination until November 1, 1938, at which time her X-ray film showed 
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Cuart 4. Group IV. Square: male; Circle: female; Neg.: no tuberculosis; N. E.: not 
examined; F. A.: far advanced; M. A.: moderately advanced; Min.: minimal; Pr. H.: pri- 
mary, healed; P. T.: positive intracutaneous tuberculin. 

Path of infection: Cases 1, 2 and 3 probably infected each other. Case 3 infected case 4 
who in turn infected his wife (case 5) his son (case 7) and friend (case 8). Wife (case 5) 
probable source for sister (case 6). Case 2 infected his 4 children. 


infiltration and cavity formation in one lung. Collapse therapy was tried and was un- 
successful. She left against advice after a few months’ treatment. The disease con- 
tinued to progress but she remained extremely uncoéperative, dying supposedly of “‘heart 
disease’”’ in 1944 in another state. She had divorced her husband in 1940 and had been 
remarried to a soldier. 


Case 6: This wife had 2 sisters, the older refusing to be examined but the second, aged 15, 
came in on May 28, 1938 and had a positive tuberculin reaction but no evidence of pulmo- 
nary disease. Four years later, on reéxamination, an early infiltration was found in the 
left lung and she was admitted but remained only three months, leaving against advice. 
On June 21, 1943, the disease had become far advanced and she was having severe he- 
moptyses. She was readmitted and made a successful recovery. 

Her mother was X-rayed several times and never showed any evidence of tuberculosis. 
The second sister was fluoroscoped by her family physician, as she refused to come to the 
sanatorium, and he reported that her lungs were clear. 
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Case 7: The 24 year old son who had tuberculosis and had divorced his first wife mar- 
ried again in 1942. On August 26, 1943, their 5 months old son was brought in by the 
mother and his tuberculin test (Mantoux) was positive but the chest film was negative, 


While no evidence of active pulmonary disease has been found in this baby he should be 
included in this series of cases. 


Case 8: A 43 year old married man was rejected for army service in August, 1943 for 
pulmonary disease and came to the clinic for examination. A small area of infiltration 
was found in the right upper lobe which was diagnosed as minimal tuberculosis. He has 
refused to return for further X-ray examination. He was a close companion of the 24 
year old son (case 4) and in all probability contracted the disease from him. 


Summary: It is impossible to state whether the first 3 cases, all Roumanian 
men, infected each other, starting with one of the first 2, or whether there were 
3 separate sources. However, the third man, diagnosed in 1938, was the source, 
direct and indirect for the remaining 5 cases. He first infected the younger of 2 
sons, who infected his wife. She, in turn, was the source for the youngest sister. 
After divorcing his first wife, he remarried and infected his 5 months old baby in 
1943. He also was probably the source of infection for the 43 year old man re- 
jected for the army service in 1943. 

By the end of 1944, 4 of the 8 patients had died of tuberculosis, 2 still had active 


pulmonary disease, one remains uncodperative and refuses reéxamination and 
the baby is still living and well (see chart 4). 
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GROUP V 


This last group of cases presents a very complicated picture but illustrates 
quite clearly the path of the tubercle bacillus through nine families, five of whom 
are related by marriage. The descriptions of the cases are limited to those with 
active disease and are numbered according to the date of their discovery. 

The families are alphabetically numbered from A to J, with families A through 
E being related directly or indirectly by marriage. The whole trouble started 
in Family A with the maternal grandmother who died of tuberculosis in 1907, 
and new cases were still being found nearly thirty-seven years later. 
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Case 1: (Family A) The first case to be diagnosed was a man of 55 who came to the clinic 
on September 26, 1929, complaining of a chronic cough with sputum of about three years’ 
duration. The X-ray film showed bilateral tuberculosis with cavity formation. The 
sputum was positive for tubercle bacilli. His mother had died of tuberculosis in 1907 at 
the age of 60. A brother-in-law also had died of the same disease, in the same house and 
bed, in 1918. He himself, had been the welfare officer, noted for his hard nature in han- 
dling welfare cases, and when retired conducted a commercial flower garden in the small 
village of about 200 population. 

He refused sanatorium care until 1939 and, then, stayed only a few weeks, leaving 
against advice as he could not hear anyone, being very deaf. He became progressively 


worse, developing asthmatic symptoms and died in 1943, at 69, in the same bed in which 
his mother and brother-in-law had died. 
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Case 2: (Family A) His third oldest son was examined in 1930 at the clinic, also com- 
plaining of cough and expectoration of several years’ duration. He was 24 and married 
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Cuarts 5 and 6. Group V, tables 1 (Upper) and 2 (Lower). Square: male; Circle: female; Neg.: no tuberculosis; R. E.: 
refused to be examined; F. A.: far advanced; M. A.: moderately advanced; Min.: minimal; Pr. A.: primary, active; Pr. 
H.: primary, healed; P. T.: positive intracutaneous, tuberculin; N. T.: negative intracutaneous tuberculin; PI. Eff: t tu- 


berculous pleural effusion; Pl. Perit.: tuberculous pleural effusion and peritonitis; Ca.: carcinoma; Pneum.: pneumonia; 
Diab.: diabetes; Neph.: chronic nephritis. 


Path of infection: Great-grandmother, Family A, to son (case 1) and son-in-law. 
(case 3) and 3 children. 


Son (case 1) to his son (case 2) to wife 
Case 1 also to at least i in F amily D & ases 8 and » and one child in each of four other families F, G, H 


with active primary lesions (cases 10 pat 11), 
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but had no children at that time. The X-ray film revealed a unilateral infiltration with 
cavity formation and his sputum was positive. He refused to enter the sanatorium but 
consented to be examined at intervals. The last X-ray film showed slowly progressive 
disease, in 1944, with at least one cavity. He spends his summer months working on 
farms and is uncoéperative. His two brothers lived in another county and could not be 
examined. 


Case 3: (Family A + B) The 18 year old wife of the above patient was examined in 
1930 and found to have a suspicious lesion in one apex, which later was diagnosed as 
minimal, apparently cured. She never had any pulmonary symptoms. By 1938, they 
had 3 sons, from 5 months to 7 years old. The oldest had a positive Mantoux test with a 
healed primary lesion. One year later the second son had a positive Mantoux and nega- 
tive X-ray film, and the youngest developed his positive Mantoux test in 1942 with X-ray 
evidence of a healed primary lesion. 


Case 4: (Family H) On May 14, 1940 a boy of 16 was admitted to the sanatorium with a 
diagnosis of minimal pulmonary tuberculosis and pleural effusion. He had been X-rayed 
in 1932 because of a positive Mantoux reaction and an enlarged calcified node was noted 
in the left hilum. The next X-ray film was taken seven days before admission, showing 
the effusion. He remained in the sanatorium for nine months and was discharged well. 
Two years later, the clinic nurse discovered that he had been working for one or more 
summers in the garden of case 1, previous to his admission. Also his family lived in the 
same small village and came in close contact with members of Family A, which included 
cases 1, 2 and 3. Three out of the 4 sisters had positive tuberculin reactions, with 2 
showing healed primary lesions by X-ray examination. The parents were negative by 
X-ray examination. 


Case 5: (Family G) Three months later, on August 9, 1940, a 16 year old girl, also living 
with her family in the same village, was admitted with a diagnosis of left pleural effusion 
and positive Mantoux test. She had been ill for a short period of time. After ten months 
as a patient, she was discharged well but two years later her X-ray film showed a suspi- 
cious area of infiltration in the left upper lobe. In checking over her history for possible 
contacts it was found that she had worked in the garden of case 1 for at least one summer 
and the whole family lived on the same street as Family A. Her 2sisters and one brother 
all had positive Mantoux tests. The parents had no evidence of adult-type pulmonary 
tuberculosis. 


Case 6: (Family F) Three weeks after case 5 was admitted,a young man of 21 years was 
transferred from a local hospital with a diagnosis of tuberculous peritonitis, discovered 
at operation for possible appendicitis. His chest film revealed tuberculous infiltration 
in the left upper lobe with an effusion at the base. He was discharged as arrested nine 
months later. In looking for a source of infection, it was found that he too had been 
hired by case 1, the gardner, for several months each summer. His family did not live 
in the village and did not come in contact with Family A. His parents were negative but 
2 sisters and 2 brothers, younger than the patient, all had positive Mantoux tests, and 2 
brothers were negative. He, later, was inducted into the Army and was killed on In- 
vasion Day in 1944. 


Case 7: (Family J) A 13 year old boy was diagnosed as having a pleural effusion on 
November 6, 1941, and admitted to the sanatorium where he remained only twelve days, 
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his grandfather taking him out against advice. Again, the only known contact was with 
Family A, where he had resided next to them in the same village. The rest of the family 
lived in another state and he lived with his grandparents who refused examination. The 
boy cleared up the effusion within a year and is now well. 


Case 8: (Family D) A 22 year old, married man came to the clinic on June 2, 1942, be- 
cause of loss of weight, cough with expectoration and hoarseness of one year’s duration. 
The X-ray film of his chest showed bilateral tuberculosis with large cavity formation. 
The laryngeal examination revealed ulceration and induration of both cords, the ary- 
tenoids and epiglottis. The sputum was positive for tubercle bacilli. Although the 
prognosis was bad, he was offered collapse therapy in an attempt to arrest the progress 
of the disease but left against advice and died seven months after discharge, or nine 
months after the case was diagnosed. 

When investigating the case for contact, it was discovered that he, too, had worked 
in the garden of case 1 for several summers, and that his family had lived in the same vi!- 
lage, in fact were close neighbors of Family A for three or four years. At the time of his 
admission, the other members of the large family were examined. The parents were both 
negative. His maternal grandfather had a calcified primary lesion. The grandfather 
had been married three times, the first wife died of tuberculosis in 1898, the second (the 
grandmother of this boy) of nephritis, and the third, 65 years old, was living and well. 
The oldest sister, case 9, had minimal tuberculosis, the second sister was stated to have a 
minimal lesion but she lived with her husband in another state, one brother and his wife 
had positive tuberculin tests and 3 other brothers were negative. The patient’s wife and 
her 2 sisters had positive Mantoux tests but negative films. Their parents were negative 
according to X-ray examination. 


Case 9: (Family C) This patient was the oldest sister of case 8, and was examined shortly 
after his diagnosis was established. She had been examined in school in 1936 at the age of 
17 and no evidence of tuberculosis was found, but six years later, June 3, 1942, there was 
definite infiltration in the right upper lobe. On reéxamination one year later there was 
no change. She has been very uncoéperative since then, refusing to be X-rayed again. 

Her husband had a healed primary lesion which had been diagnosed in 1928 during a 
school examination when he was 18. There were 3 daughters. The oldest, 4, and the 
youngest, 15 months, had negative tuberculin and X-ray tests but the middle one is the 
next case. 


Case 10: (Family C + D) This was a girl of 3, the second of 3 daughters of case 9. Her 
tuberculin test was positiveand her X-ray film, taken on July 18, 1942, six weeks later than 
her uncle’s, case 8, showed a diffuse infiltrative area extending from the left hilar region. 
The diagnosis was primary pulmonary tuberculosis, active. The mother has refused to 
bring her back for further examinations and refused to have her admitted for treatment 
in the sanatorium. Her contact was the 22 year old uncle, brother to her mother, who 
died in 1943. The 2 families lived near each other and he was very fond of this niece. 
There is a possibility that the mother infected her but no sputum was ever obtained from 
the mother for examination. 


Case 11: (Family B + C) A cousin of case 10, aged 11 months, was examined on July 
2, 1942, because of contact with case 8, although no relation to him. This boy had a 
lesion identical with that of the previous patient and was diagnosed the same. He has 
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been followed in the clinic for the past two years and calcification has appeared in the area 
of infiltration. His health has always been excellent. 

His father was the brother of the father of case 10, and he had a healed primary lesion, 

His mother was a sister of case 3 with minimal tuberculosis, whose husband had mod- 
erately advanced disease (case 2). His maternal great-grandmother, who died of tuber- 
culosis in 1898, was the first of 3 wives of the maternal grandfather of the 22 year old man 
(case 8). 
Case 12: (Family D) In July, 1944 the 46 year old mother of the 22 year old man (case 8) 
was reéxamined and found to have bilateral infiltration with multiple cavity formation 
and positive sputum. She had been well when first X-rayed on June 3, 1942, after her 
son was found to have tuberculosis. One year later she apparently developed diabetes 
and shortly after that had a severe cold from which she never recovered. The only 
known contact was her son, although her oldest daughter (case 9) had minimal disease 
with questionable activity according to one examination. 


Summary: In studying these cases there seem to be two centres of infection, 
the primary in Family A and secondary in Family D. The first history of 
tuberculosis occurred in a 60 year old woman who died of the disease in 1907. 
Her youngest son died of tuberculosis in 1943 at the age of 69, fourteen years 
after the diagnosis was established. Also one of her sons-in-law died of the same 
disease in 1918 in the same home. 

Her son, in turn, was the source for a number of persons, as he conducted a 
commercial garden and hired young people to help him in the summer. He 
infected his youngest son (case 2), and at least 5 others (cases 4, 5, 6, 7 and 8), 
one girl and 4 boys, varying in age from 15 to 22. He may also have been the 
source for a sister of case 8, who had minimal disease and had lived near him. 

The secondary centre starts with the 22 year old man (case 8), a contact with 
the 69 year old man, described in the preceding paragraph. Two children (cases 
10 and 11), 3 years and 15 months of age, respectively, had active primary 
lesions identical in position in the lungs. One, the older, was a niece and the 
second was her cousin but no relation to the man. Another niece, 4 years old, 
and not included among the active cases, had a positive tuberculin reaction with 
calcified lymph nodes in one hilum. All these children frequented the home 
where he lived and were intimately exposed to tubercle bacilli. Likewise, his 
young wife and her 2 sisters were equally closely exposed, resulting in positive 
tuberculin reactions. Finally his mother (case 12) became ill about the time of 
his death and was diagnosed as having tuberculosis one year later, although 
she had a negative chest film two years previously. 

Credit cannot be given to contact examinations for the discovery of a number 
of these cases, as the relationship was not revealed in several cases until one or 
more years had elapsed after their diagnosis was made. However, as the picture 
unfolded and the pattern became more distinct, active work among these families 
did uncover other active cases who, otherwise, would have remained unknown. 
The history of infection goes back to 1907 and the last patient was admitted in 
1944 with no certainty that further cases will not appear in the future as many 
of these persons are very uncoéperative and are free to spread bacilli still further 
(see charts 5 and 6). 
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DISCUSSION 


The case histories and charts of five families or groups of families are pre- 
sented to emphasize the importance of contact examinations in the search both 
for the original and new cases of tuberculosis. They can be duplicated in any 
sanatorium clinic from its records and are especially useful in lectures to lay and 
medical organizations who generally have mistaken ideas about the importance 
of heredity in contrast to contact as the important factor in the further spread 
of the disease. The first two family charts tend to stress the “inherited tend- 
ency” but as the charts progress in complexity, involving more than one family, 
the contact factor becomes increasingly more important. 

The greatest difficulty encountered in family contact work is not in getting 
the contacts to the clinic but rather in persuading the newly discovered cases 
to accept sanatorium care. In nearly every family one or more persons were 
absolutely opposed to entering the sanatorium either for treatment or isolation 
from the home. Also the long period of treatment necessary in many cases 
resulted in their discharge against advice as they got discouraged or some dis- 
turbing element in the home arose to interrupt their course. That parents would 
deliberately and knowingly expose their children to infection is past compre- 
hension, yet it was encountered in several cases, especially in the last two groups 
of families. 

The New York State Health laws are quite specific about the commitment of 
positive sputum cases who can be considered a menace to the health of the 
community. Its application in a large city is comparatively easy but it is a 
different story in small communities. Here the physician may be both family 
physician and part-time health officer, who is naturally reluctant to commit his 
own patients to a sanatorium for treatment against their own desires. He not 
only may antagonize the family but the entire community who often knows all 
the facts but misinterprets his good intentions. He would require the moral 
support of others in the town or village which is definitely lacking at the present 
time. This apathy to tuberculosis as a public health menace is in marked con- 
trast to that encountered in the acute infectious diseases such as infantile paral- 
ysis, smallpox, etc? 

Only intensive education of the public, such as can be carried on by means of 
family histories and charts, will arouse interest and sentiment in favor of stricter 
enforcement of the public health laws concerning this disease. In addition, 
these histories, illustrating cases in their own county and township, stress the 
importance of X-ray examination of all contacts of a positive-sputum case, both 
inside and outside the household, and of the wide-spread nature of the disease. 
They also tend to counteract the fatalistic attitude of the public toward tubercu- 
losis, on the basis of the mistaken idea that it is an inherited disease and a uni- 
formly fatal one. 


SUMMARY 


Five families or groups of families have been presented as a study in the spread 
of tuberculosis, both inside and outside the immediate household. The path 
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of infection from one person to the next has been traced as accurately as possible, 
from the clinic records. In each group the percentage of contact examinations 
is high with very few persons refusing to coéperate. 

The first family traces the disease from the grandmother to her daughter and 
granddaughter, with no cases outside. 

The second family reveals the infection of 8 out of 10 children and all of the 
grandchildren, resulting in 2 deaths and 4 other cases who have required sana- 
torium care during a period of eighteen years. The source of the infection was 
never found, as the first case was discovered in 1926 before intensive contact 
examinations were started. 

The third group includes two families, the youngest sister in the first being the 
source for the disease found one year later in a sister in the second. Both of 
these patients are dead and 2 other patients had active tuberculosis when first 
examined. The original cases were the 2 grandmothers and possibly the mother, 
all of whom are dead. 

The fourth group includes a series of cases of tuberculosis, principally among 
families of unrelated Roumanians. The original cases were discovered in 1932 
and the latest death occurred in 1944. Twenty-one persons were examined, 7 
being found to have active pulmonary disease of whom 4 died of the infection 
and 2 have active disease in 1944. Only 2 of the infected cases were blood 
relations. 

The fifth and last group contains nine families, five of them related by mar- 
riage. Fifty persons were examined, of whom 12 had active tuberculosis either 
primary or postprimary. The original case seems to be the grandmother in the 
first family who infected her oldest son. This son in turn infected one of his 
sons and 5 young persons, all members of unrelated families. One of these young 
persons became a secondary centre of infection for 2, if not 3 young children, 
2 being nieces and the third unrelated to him but a cousin of one of the nieces. 
The first case was discovered in 1929 and the last in 1944. 

Commitment of positive-sputum cases to an institution, relatively easy in 
larger cities, is very difficult in rural areas. This is due in part to the fact that 
the part-time health officer is the family physician and in part to the apathy 
of the public who are unaware of the infectious nature of the disease, believing 
that heredity plays the most important rdéle in the spread of tuberculosis. This 
leaves persuasion and education as the principal weapons to be used against 
recalcitrant patients who are unwilling to accept the necessarily long periods of 
hospitalization. 


SUMARIO 


En este estudio de la propagacién de la tuberculosis, tanto dentro como fuera 
del hogar inmediato, preséntanse cinco familias o grupos familiares, habiéndose 
trazado con la mayor exactitud posible, por medio de los protocolos de la clinica, 
la via que siguié la infeccién de una persona a otra. En todos los grupos el 
porcentaje de exAmenes de los contactos es alto, siendo muy pocos los que se 
negaron a cooperar. 
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En la primera familia se trazé la enfermedad de la abuela a la hija y a la nieta 
de ésta, sin casos afuera. 

La segunda familia revela, durante un periodo de 18 ajios, la infeccién de 
ocho de 10 hijos y de todos los nietos, con dos muertes y cuatro casos mds que 
necesitaron asistencia sanatorial. No se descubrié jamas el origen de la infeccién, 
pues el primer caso sélo fué descubierto en 1926, o sea antes de efectuarse exd- 
menes intensivos de los contactos. 

El] tercer grupo comprende dos familias, siendo en la primera la hermana mas 
joven la causa de la enfermedad descubierta un afio después en una hermana en 
la segunda familia. Cuando se hizo el primer examen, ambas hermanas habian 
muerto y otros dos familiares padecian de tuberculosis activa. Los casos primi- 
tivos fueron las dos abuelas y posiblemente la madre, habiendo ya muerto todas. 

El cuarto grupo comprende una serie de casos de tuberculosis, principalmente 
en familias de rumanos no emparentados. Los casos primitivos fueron descu- 
biertos en 1932 y la ultima muerte sobrevino en 1944. El examen comprendié 
21 personas, en siete de las cuales se encontr6é enfermedad pulmonar activa, 
habiendo muerto cuatro de la infeccién y teniendo dos la enfermedad en forma 
activa en 1944. Sélo dos de los casos infectados eran parientes. 

El quinto y ultimo grupo comprende nueve familias, cinco de ellas emparen- 
tadas por casamiento. Se examiné a 50 personas de las cuales 12 tenian tubercu- 
losis activa, bien primaria o postprimaria. El caso primitivo parece haber sido 
el de la abuela en la primera familia, quien infecté al hijo mayor, él que a su vez 
infect a uno de sus hijos y a cinco jévenes mds que pertenecian a otras familias. 
Uno de esos jévenes se convirtié en un foco secundario de infeccién para dos, si 
no tres, nifios pequefios, dos de ellos sobrinos, y el tercero no emparentado con 
él, pero si primo de uno de las sobrinas. El primer caso fué descubierto en 1929, 
y el tltimo en 1944. 

En las zonas rurales resulta muy dificil hacer llevar los casos de esputo posi- 
tivo a alguna institucién, lo cual es relativamente facil en las ciudades grandes. 
Esto se debe en parte a que el médico de sanidad de tiempo parcial es también el 
médico de la familia, y en parte a la apatia del ptiblico que no se da cuenta de la 
naturaleza infecciosa de la enfermedad, por creer que la herencia desempefia 
el papel mas importante en la propagacién. Esto convierte la persuasién y la 
educaci6én en las armas principales que hay que utilizar contra los enfermos 
recalcitrantes que se niegan a aceptar los periodos forzosamente largos de hos- 
pitalizacién. 
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EPIDEMIOLOGY OF TUBERCULOSIS IN A MENTAL HOSPITAL! 
DAVE B. RUSKIN 


The death rate from tuberculosis in institutions for mental diseases and men- 
tal defects has been reported to be twelve times that for the population as a 
whole (1, 2). This high death rate has been prevalent for years. Various 
investigators (3, 4) have commented on the overcrowding of mental patients 
and the carelessness of these patients in matters of personal hygiene as influencing 
this high incidence of tuberculosis. The greater degree of contact between 
persons comprising an institution population complicates the problem of tuber- 
culosis control and results in a greater possibility of the spread of infection. 
The increase of tuberculous infection among patients according to the length 
of hospitalization has been demonstrated (3, 5, 6), and the inference drawn that 
many patients contracted tuberculosis after admission to the hospital (1), there 
being ample opportunity for cross infection (7). 

Several epidemiologists have concluded that susceptibility to tuberculosis is 
not related to the type of mental disorder, except insofar as the mental dis- 
order affects the length of residence in an institution. Plunkett (8) points out 
that environmental factors play a more common part in the spread of this in- 
fection than constitutional factors. 

McCain’s (9), Fellows’ (10), and Heise’s (11) findings fit in quite well with 
the reasonably well established opinion that, after the reinfection type of tuber- 
culosis has produced lesions sufficiently large to be seen in the roentgenogram, 
there is a period of two or three years before symptoms appear. When symp- 
toms do appear, about 80 per cent of the patients are either in the moderately 
advanced or far advanced stages. Those who have had experience with men- 
tally abnormal patients can fully appreciate how much more difficult it is to 
elicit complaints from them than‘from patients who are mentally normal. 

Deegan, Culp and Beck (1) state that it was noted that the highest incidence 
was in the more deteriorated patients in whom factors of personal hygiene and 
the general character of the surroundings would seem to be of importance. Dis- 
cussing the dementia praecox patients, they state that prolonged hospitalization 
in a tuberculous environment, rather than a specific lack of resistance, is thought 
to be the dominating epidemiological factor. They say further that segregation 
of the known cases of tuberculosis greatly reduced the health hazard, but roent- 
genographic reéxamination of the previously negative patients revealed a high 
incidence of new disease and infection. These results might have been caused 
by exposure to open cases of tuberculosis prior to the completion of segregation. 

The result is that pulmonary tuberculosis comes to the attention of the phy- 
sician through symptoms indicating advanced disease. The hopeless prognosis 
and the possibility of spread are too obvious to require discussion (6). 

After studying the results obtained by the use of all the recognized methods 


1 From the Caro State Hospital for Epileptics, Caro, Michigan; R. L. Dixon, Medical 
Superintendent. 
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of diagnosis, most investigators have selected the roentgenogram as the most 
reliable method. Blalock and Funkhouser (13) conclude that the best method 
of diagnosis (of tuberculosis) in the mentally ill is roentgenographic. All patients 
of one hospital, except those known to be tuberculous, received an intracutaneous 
test of Old Tuberculin and 86.6 per cent reacted (1). This prompted Deegan, 
Culp and Beck to examine roentgenographically the chests of the entire patient 
population rather than the reactors only. Deegan, Beck and Culp (14), by this 
method, determined the presence of tuberculous disease or infection in 20.3 per 
cent of all patients examined (reactors and nonreactors). 

Burns (5) points out that the success of the entire case-finding program de- 
pends on the prevention of the spread of the tubercle bacillus by segregation of 
eases already infectious, and by discovery and treatment of early cases before 
they have become infectious. Plunkett, Weber, Siegal and Donk (12) claim 
that every case of reinfection type tuberculosis could be associated with the 
presence of an infectious case in its immediate environment and that, on the 
other hand, not one case of reinfection type of tuberculosis developed among 
inmates who at no time were associated intimately with an open case of tu- 
berculosis. 

The need for added isolation facilities in state hospitals, asylums and schools 
for the feebleminded and epileptic constitutes a very serious problem, not only 
because of the number of cases, but also because of the mental condition of the 
patients (5). 


MATERIAL 


Early in 1937, it was noted by the staff of the Caro State Hospital that many 
patients were being hospitalized for the care of tuberculosis. These patients 
had all been diagnosed following the onset of respiratory symptoms and conse- 
quently, for the most part, were advanced cases. Accurate data concerning the 
incidence of tuberculosis in the patient population were entirely lacking. A 
preliminary survey of the practices followed, in diagnosing tuberculosis, sug- 
gested the possibility that there were many unrecognized active tuberculous 
patients. This suspected high prevalence of tuberculosis in the patient popu- 
lation was confirmed on reviewing the patient deaths from 1931 to 1937, when 
it was noted that tuberculosis was reported as the cause of death in 66 (14.2 per 
cent) of the 473 patients who died in that period. 

The problem resolved itself into three phases: (a) a tuberculosis survey of 
the patient population; (b) an examination to determine the presence of active 
tuberculosis among newly admitted patients; and (c) a program of segregation 
and care of all patients with active tuberculosis. 

At the initiation of the survey there were two wards, one for men and one for 
women, in the hospital building, for the segregation and treatment of the then 
diagnosed patients with active tuberculosis. The remainder of the hospital 
building was occupied by acutely ill and bedridden patients. There were nine 
cottages for the ambulatory patients, of which Cottage 1 was occupied by boys, 
Cottages 2, 3, 5, 7 and 9 by men and Cottages 4, 6 and 8 by women. There 
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were housed also a small group of girls at Cottage 6. The patient population 
was approximately equally divided as to sex. The mentally most inferior pa- 
tients were housed in Cottages 2, 7 and 9 for men and 6 and 8 for women, 
with Cottage 1 housing boys of varied mental levels. 

Intracutaneous testing was started in June, 1937. Old Tuberculin diluted 
1:1000 and 1:100 was used, as it was originally planned to do a preliminary 
screening and to examine roentgenographically the reactors only. The ex- 
tremely high incidence of tuberculous infection as indicated by the tuberculin 
reactor rate, as applied to one cottage, prompted us to examine the chests of the 
entire population roentgenographically, rather than the reactors only. Patients 
whose roentgenograms showed evidence of tuberculosis were studied further in 
an attempt to evaluate their dynamic status. Such study included serial and 
stereoscopic films as indicated, and the examination of the sputum and gastric 
contents for acid-fast bacilli, when possible. However, since it was often diffi- 
cult to get adequate sputum specimens we were forced, in most cases, to judge 
activity by roentgenographic findings alone. We have classified our findings 
into (1) negative, (2) inactive and (3) active. The inactive group contained 
all those showing (1) evidence of pulmonary tuberculosis in the arrested stages 
according to the National Tuberculosis Association standards, (2?) parenchymal 
fibrotic or fibrocalcific infiltration and (3) solitary parenchymal or hilar calcified 
nodes or both. 

The work was carried on by the Hospital staff and the interpretations of the 
roentgenograms were made by the staff of the Division of Tuberculosis of the 
Michigan Department of Health. The diagnoses were made within the limits 
of broad roentgenographic interpretation. During this interval—December, 
1937 to December, 1943—there were 355 deaths including 64 (18 per cent) deaths 
of tuberculosis patients. One hundred fifty-one postmortem examinations were 
made, of which 31 (20 per cent) were on deceased tuberculous patients. Post- 
mortem examinations have confirmed the clinical diagnoses in a high percentage 
of cases. 

The roentgenographic studies were started on December 1, 1937, at which 
time there were 1,007 patients in the institution. From the date when this 
survey started, all patients were examined roentgenographically on admission, 
and only those considered not to have an active lesion in the lung were trans- 
ferred to one of the cottages. During the six-year period from December 1, 
1937 to December 1, 1943, there were 961 admissions of which 85 were received 
from other state hospitals accompanied by reports of recent roentgenograms of 
the chest, 69 were received from the same hospitals without any such reports and 
47 admissions did not undergo study because of removal or death shortly after 
admission. In all, a total of 1,852 patients were roentgenographically examined 
during this six-year period. 

Since the survey was completed, no plan of follow-up had been used and diagno- 
sis again depended upon roentgenographic interpretation after clinical symptoms 
were evident. Asin all other institutions, some patients are examined roentgeno- 
graphically from time to time for various complaints and, thus, over a period of 
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years many will have had their chests examined a variable number of times at 
varying intervals. In considering this group, serial roentgenograms and mul- 
tiple roentgenograms during a single illness were considered as a single roentgeno- 
gram. The period between the separate or serial roentgenograms was over six 
months and, in many cases, a few years. 

The patients found to have active tuberculosis were segregated from other 
patients by isolation in the two aforementioned wards in the hospital building. 
Their care was under the supervision of all the doctors on the Hospital staff, 
none of whom is especially trained in the treatment of tuberculosis, and attended - 
to by the regular employees in that building, whose services on the various 
wards were rotated so that each empioyee, in turn, served for a period of four 
months on one of the tuberculosis wards. These employees were examined 
roentgenographically, before and after each period of service. 

Our therapy on these wards was limited to the experience of the staff physi- 
cians and by the codperation of our patients. Artificial pneumothorax was the 
only method of collapse therapy which we have found practical to use with these 
patients. It has been our experience that, when codperation by the patient 
is obtainable, mentally ill patients react fairly well to routine bed-rest and a well 
balanced nourishing diet. When the disease becomes arrested,” the patient is 
moved to another ward in the hospital where he is started on exercise and if, on 
close observation, there are no signs of reactivation, the exercise is increased. 
Should his condition remain arrested, he is discharged to a cottage in six months, 
after which he is followed from time to time by clinical and roentgenographic 
observation. 

FINDINGS 


Examination of the roentgenogram reports revealed that 1,527 (82.45 per 
cent) of the total 1,852 patients examined showed no evidence of pulmonary 
tuberculosis, 191 (10.31 per cent) were considered to have inactive tuberculosis 
(following serial X-ray films) and 134 (7.2 per cent) had active tuberculosis. 

Of the 134 patients with active tuberculosis, 15° (0.8 per cent of the total 
number of patients examined) had been diagnosed as such before the survey and 
had been isolated in the hospital building. Table 1 shows that 93.2 per cent of 
of this group were in the moderately advanced or far advanced stage when 
diagnosed. Also, of this group, 53.2 per cent are dead, all having died of tu- 
berculosis. 

Table 2 reveals the distribution of these patients by age groups and by length 
of residence before diagnosis was made. Seventy per cent were found to have 
been under 40 years of age at time of diagnosis and 73.3 per cent were in residence 
five years or less at time of diagnosis. 


2 Since it is impossible to prevent a minimum of activity among our patients while‘on the 
tuberculosis wards, the exercise to which the patient is introduced, on transfer from these 
wards, is more advanced than one would find in other hospitals or sanatoria. Therefore, 
the term arrested is used advisedly in this instance although in the strict sense such exercise 
should precede its use in diagnosis. 

’ Original group. 


{ 
n 
a- 
n, 
ad 
y 
X- 
in 
e 
ts 
n 
d 
re 
d 


DAVE B. RUSKIN 


TABLE 1 
Prevalence and stage of tuberculosis in the various groups studied 


STATE OF DISEASE AT TIME 
OF DIAGNOSIS IN PER CENT PRESENT STATUS IN PER CENT OF GROUP 
NUMBER OF GROUP 
GROUP DIAGNOSED IN 

GROUP 


Moder- 
ately 
advanced 


Far 


advanced Arrested Active Deceased 


Original tuberculosis pa- 
tients ‘ 26.6 


Tuberculosis discovered in 
survey 42.5 


Diagnosed on admission... . 68.8 


Diagnosed in subsequent 
films after survey: 
25.7 
20.0 
50.0 


100.0 


Total number of active 
tuberculosis 134 22.34 | 40.24| 37.34 


1 One case was arrested only to become active later. 

2 Two cases were arrested only to become active later. 

3 Four cases were arrested only to become active later. 

4 These figures are an expression of the percentage of the total 134 patients and not the 
total of the percentages in their respective columns. 


TABLE 2 


Classification of original group of tuberculosis patients by age and residence 
Years of residence before diagnosis 


3 4 5 6 7 8 11 To 15/16 To 20 


Further study of the pre-diagnosis residences of these original tuberculous 
patients revealed that a greater number of them had lived in one or more of 
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66.6 | 33! 20.01 53.3 
37.0 | 372 27.72 46.3 a 
31.3 43.7 25.0 
28.5 | 45.7 | 25.73 22.81 54.2 
50.0 | 30.0 30.0 | 70.0 
50.0 50.0 50.0 
Fourth film........... 1 100.0 100.0 
Fifth film.............] 1 100.0 
29.894 | 25.384 | 47.734 
AGE 1 | 2 
0-4 | } 
5-9 1 | 
10-14 1 | 1 | | | | | 
15-19 1 | 1 | | 1 | : 
20-24 1 7 
25-29 1 1 | 
30-34 | 1 | | | | | | | 4 | 
35-39 | 1 | | a | 
40-44 | | | | | | 
45-49 | 
50-54 re 1 | 2 
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Cottages 1, 7 and 8. These cottages represented those patients who, in the 
aggregate, functioned at the lowest level of efficiency among the children, men 
and women of the institution, with the exception of those in Cottage 2. This 
latter cottage, alone, fails to follow the parallelism drawn between the incidence 
of tuberculosis and the functional efficiency of the patients. This exception may 
be ascribed to the fact that the patients of this cottage were so functionally 
deficient as to provide a certain amount of segregation merely by their inability 
to mingle among themselves. 

The survey was not completed for over a year. At the end of that time, 54° 
new cases, 2.91 per cent of the total population, had been discovered among the 
apparently well resident patients. We found that, by roentgenographic studies 


TABLE 3 
Classification of the survey group of tuberculosis patients by age and residence 
Years of residence before survey and diagnosis 


3 4 5 6 7 8 9 


before clinical symptoms were apparent, the percentage in the moderately ad- 
vanced and far advanced cases was 79.5 per cent. This finding is significant, 
inasmuch as there was a drop of 29.6 per cent in the far advanced cases as against 
a drop of 13.7 per cent in the total of moderately and far advanced cases com- 
bined. Table 1 reveals that in this group we have 46.3 per cent dead as against 
53.3 per cent dead in the original group. Although the numbers are too small 
and the numerical differences are too slight for one to draw a conclusion, there is 
a definite impression, as shown in the table, of an improved prognosis for the 
group diagnosed before clinical signs and symptoms are evident. 

As compared to the original group, the survey group (table 3) presented a 
definite shift towards the older patients and also to that group of patients in 


‘Survey group. 


UP 
AGE 1 2 10 
years 
0-4 
5-9 | 
10-14 2 1 
15-19 3 1 | 1 
i 20-24 2 2 3 3 1 1 
25-29 1 2 1 2 2 
30 34 | 1 1 1 1 
35-39 1 3 1 1 2 2 
45-49 | | | | | 1/1 
50-54 | | J | | 
55-59 | | 1 | | | | 1 
60-64 | | | | 1 
| 65-69 | | 1 
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residence over five years. Thus many of these patients may have been asympto- 
matic open cases, sowing the seed of tuberculosis long before the majority of the 
original group had ever been admitted to the institution. And many of the 
latter may well have become tuberculous after admission by being infected by 
one of these patients found years later in the survey. 

Study of the survey group according to cottages reveals again a parallelism 
between the type of cottage resident and the incidence of tuberculosis, with one 
exception. In the survey group may be found a high prevalence of tuberculosis 
among the residents of Cottage 4, which housed patients functioning at a rela- 
tively high level. Due to their higher level of function, many of these patients 
were used as attendant helpers in Cottages 6 and 8 and thus were in intimate 
contact with the patients of these latter cottages. Thus one might think that 
the cottage segregation of the Cottage 4 patients was more than offset by their 
patient contact during the day’s activities while working in Cottages 6 and 8. 

There is, with the exception of Cottages 2 and 4, a rough parallelism in the 
incidence of tuberculosis by cottage, between the original group and the survey 


group. 

Among the newly admitted patients, 16° (0.9 per cent of the total population 
and 1.7 per cent of the new admissions) were found to be tuberculous. Only a 
fraction of those diagnosed on admission presented a history of tuberculosis. 
Of these patients, none was in the far advanced stages; only 25 per cent are 
dead, of which one (6.2 per cent) died of a cause other than tuberculosis (table 1); 
all were under 45 years of age, 3 were under 5 years of age and the remainder 


from 15 to 45 years of age. 

Since the survey was completed, 49° (2.7 per cent of the total population) 
others cases of tuberculosis were discovered among the previously negative and 
inactive patients during the past five years. No method of follow-up had been 
used during this period and diagnosis again depended upon roentgenographic 
interpretation after clinical symptoms were evident. Thirty-five (71.4 per cent) 
of the 49 (table 1) were discovered on their first film after survey, 10 (20.4 per 
cent) of the 49 were examined roentgenographically twice after the survey before 
active tuberculosis became evident. Two (4 per cent) of the 49 were diagnosed 
after three examinations following the survey, one (2 per cent) was diagnosed 
after being examined four times and one (2 per cent) was diagnosed after being 
examined five times following the survey. 

Table 1 will also disclose a smaller yield of far advanced cases with an increase 
in the frequency of roentgenographic examination with the exception of one 
patient. This patient, diagnosed in the far advanced stage, had been under 
treatment for a chest disease, type undetermined, for over a year before the 
specific diagnosis was made. 

Table 4 shows these 49 diagnosed cases according to the age and length of 
residence after the survey. 

Further studies reveal that the highest contributory incidence by cottage was 
from those cottages in which the patients functioned at the lower levels. 


Admission group. 
* Subsequent group. 
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Between May, 1940, the date when six new cottages were opened, and the pres- 
ent date, a few tuberculous patients were found in these new cottages. These pa- 
tients had, however, all lived for an appreciable length of time in one or more of 
the cottages already discussed. Thus we have 49 patients with tuberculosis 
who were roentgenographically tuberculosis-negative or inactive before December 
1, 1938, most of whom became open cases within the next three years and whose 
residence can be traced to the same cottages which contributed so highly in the 
original and survey groups. 

Of the 134 patients diagnosed as tuberculous, 64 (47.7 per cent) are deceased 
and 45 (25.3 per cent) are still active (table 1). 


TABLE 4 


Classification, by age and residence, of tuberculosis patients following the survey and 
before diagnosis 


Years of residence following survey 


2 3 


COMMENT 


The foregoing has been offered to show that, under conditions prevailing 
at the Caro State Hospital during the past six years, conditions which we feel 
will be found in most state owned hospitals throughout the country, the death 
rate for tuberculosis is disproportionately high. This high death rate naturally 
follows the lack of a program which serves to uncover active tuberculosis before 
the infection has had an opportunity to spread. The incidence is neither due 
to a specific lack of resistance nor parallel to the severity of the mental condi- 
tion. The incidence does parallel the opportunity for intimate contact in an 
environment rich in patients with active tuberculosis. 

The problem develops from two main roots: the introduction of cases through 
commitments and the development of new cases through exposure in the in- 
stitution. The lower incidence rate among newly admitted patients reveals the 
value of roentgenographic examination on admission. This incidence rises 
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with the duration of institutional residence and opportunity for intimate contact 
between nontuberculous and undiagnosed tuberculous patients. 

The problem of control resolves itself into detection and segregation of patients 
with pulmonary tuberculosis. These patients should be segregated from those 
who show no evidence of tuberculosis other than a positive skin reaction. This 
segregation and accurate evaluation of the clinical status of these persons permit 
the use of proper nursing techniques and modern methods of treatment. There 
must be repeated, preferably annual roentgenograms of the patients not showing 
active tuberculosis, to find promptly the patient who is breaking down with 
clinical tuberculosis. 

The problem presented in the epidemiology of tuberculosis is more complex 
than that of almost any other of the common diseases. The contagious technique 
required is difficult as a part of an administrative unit of the average state mental 
hospital. Several questions involving the administrative control of the disease 
become important. Unless definite control measures are taken, such institutions 
may become reservoirs of infection. The communicable disease problem super- 
imposed upon the mental problem results in the former becoming of paramount 
importance, and the care of patients with active tuberculosis should not be the 
responsibility of a hospital for the mentally ill. Isolation of these patients in a 
separate institution should be provided in order that contagious technique can 
be given first place in the management of the sick and in order that the public 
health problem involved may not be overlooked in the institutional routine. 
Return of these patients should be made dependent upon their convalescence 
to the point where there is no longer a public health problem involved. 

In several states these facilities have been provided under various plans. Each 
plan involves slightly different methods of administration, but directed at two 
goals: (1) segregation of mental patients with active tuberculosis, and (2) ad- 
ministration and care of such a program by men trained primarily in tuberculosis, 
with some knowledge of psychiatry. 

In post-war planning, which is the popular activity of practically all govern- 
mental and nongovernmental organizations, this problem of tuberculosis care 
deserves a prominent place. 


SUMMARY 


A study of the prevalence of tuberculosis in a state-owned hospital for epileptics 
was presented. Factors influencing the high incidence were discussed. Sug- 
gestions were made whereby the prevalence rate could be lowered. The epi- 
demiology and public health hazard of tuberculosis in a mental (epileptic) hos- 
pital were discussed. The advisability of special hospitals for tuberculous 
inmates of mental hospitals was suggested. 


SUMARIO 


Este trabajo versa sobre la incidencia de la tuberculosis en un hospital del 
Estado para epilépticos. Discuténse los factores que afectan la elevada inci- 
dencia y se ofrecen indicaciones para hacerla descender. También se repasa 
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la epidemiologia y el riesgo sanitario que entrafia la tuberculosis en un hospital 
de casos mentales y se indica la conveniencia de establecer hospitales separados 
para los tuberculosos reclufdos en los hospitales para psic6patas. 
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BRONCHOGRAPHY IN PULMONARY TUBERCULOSIS! 
VI. Thoracoplasty 
Part 2 
B. A. DORMER, J. FRIEDLANDER anp F. J. WILES 


Group II. Unsuccessful Cases 


Case 10: E.541, European male, aged twenty-five years. His disease began one year 
before admission with cough. Two months later he felt weak and lost his appetite. 
He reported sick and pulmonary tuberculosis was diagnosed. He is a thin, ill looking 
man. His temperature and pulse are normal. Sputum contains tubercle bacilli. The 
physical signs are dulness over the whole of the right side with distant bronchial breath 
sounds and crepitations. 

An X-ray film showed extensive disease throughout the whole of the right lung and 
upper lobe cavitation. 

An artificial pneumothorax was not successful. A full thoracoplasty was therefore 
performed in three stages. A bronchogram showed a residual bronchiectasis and a 
lateral bronchogram confirmed this diagnosis. 

The patient’s sputum was positive after the last operation and has remained so for the 
last two years. He is no longer in our care so we are unable to try intrabronchial treat- 
ment. 


Case 11: E.199, European male, aged thirty-five years. His illness began twenty years 
ago. His sister died of tuberculosis and he was examined as a contact and told he had 
minimal disease. He carried on with his ordinary life for eighteen years until he had an 
hemoptysis. He then had an artificial pneumothorax induced and this was followed by a 
tuberculous empyema. He is an ill looking European male. His temperature and pulse 
are normal. Sputum contains tubercle bacilli. 

An X-ray film showed a partially collapsed right lung and a hydropneumothorax. As- 
piration revealed pus which contained tubercle bacilli. 

A thoracoplasty was commenced, but the patient, after the first stage, refused further 
treatment and left the hospital. He returned some months later and a second stage was 
eventually done. 

A bronchogram (figure 18) shows a bronchiectatic right upper lobe and an extensive 
bronchiectasis in an atelectatic lower lobe. Even if the thoracoplasty had been much 
more efficient this lower lobe bronchiectasis would not have been collapsed. 

Sputum was positive after the operation and it remained so for two years, during which 
time the patient was back at work. He died suddenly of an intercurrent infection leading 
to a streptococcal septicemia. 


Case 12: E.219, European female, aged thirty years. She has been coughing for twelve 
years, and tuberculosis was diagnosed ten years ago. She has had no treatment. She is 
an ill looking, cyanosed woman with normal temperature and pulse. Sputum contains 
tubercle bacilli. Physical signs are dulness with bronchial breathing and crepitations 
over the left upper lobe. There are signs of a cavity in the left infraclavicular region. 
Crepitations are present in the right upper lobe. 


1From the King George V Hospital for Tuberculosis, Durban, South Africa. 
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. Upper left; Fie. 19. Upper right; Fre. 20. Lower left; Fie. 21. Lower right. 
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An X-ray film showed old-standing disease of the left upper lobe with a large cavity jn 
the infraclavicular region, approximately 2} x 2 inches. There was some cloudin: of 
the right apex. A bronchogram (figure 19) shows a thick pleura over the left upper 
lobe which is atelectatic and the seat of massive bronchiectasis ‘and cavitation; there js 
normal filling of the lower lobe with marked upward pull of the bronchi by the atelect:itic 
upper lobe. A lateral picture (figure 20) shows the depth localization of the bronchievta- 
sis and cavitation. 

A two-stage thoracoplasty was done on the left side and a bronchogram (figure 21) 
shows the bronchiectasis still present. 

The patient’s sputum remained positive throughout, although in all fairness it must 
be pointed out that there was probably some active disease of the right apex. 


Case 13: E.460, European male, aged forty-four years. He was coughing for two years 
and took no notice of it. He had an acute appendicitis about six months ago and, because 
his cough was troublesome after this, he was X-rayed and pulmonary tuberculosis diag- 
nosed. He is a fat, fit looking man. His temperature and pulse are normal. Sputum 
contains tubercle bacilli. The physical signs are those of a cavity at the right apex. 
There are a few crepitations at the left apex. 

An X-ray film showed chronic fibroid phthisis of the right upper lobe. The patient 
was excessively obese and the interpretation of the rest of the plate was difficult. A 
bronchogram (figure 22) shows atelectasis and bronchiectasis of the right upper lobe 
and normal filling of the rest of the lung. 

A two-stage thoracoplasty was done and a bronchogram (figure 23) shows that the 
bronchiectasis remains in spite of the thoracoplasty. Following the operation the sputum 


remained positive. He is being treated by intrabronchial application of sulphonamide 
suspension in lipiodol. 


Case 14: C.39, colored male, aged forty-one years. About a year ago he had cough 
and consulted his doctor who diagnosed pulmonary tuberculosis. He spent seven and a 
half months in a hospital and attended a tuberculosis clinic as an out-patient for some 
time before being readmitted. He is a healthy looking colored male. His temperature 
and pulse are normal. Sputum contains tubercle bacilli. Physical signs are those of 
moderate dulness with harsh breath sounds and a few crepitations over the right upper 
lobe. 

An X-ray film showed mottling of the right apex, extensive infiltration of the right 
base with a cavity at the root, one inch in diameter. There was some scattered mottling 
on the left side, especially in the midzone and base. 

In view of the cavity on the right and its situation, the first line of treatment was a 
phrenic crush on this side. X-ray examination after the operation showed considerable 
clearing on the right. 

As the sputum still contained tubercle bacilli, a bronchogram (figure 24) was done, and 
this revealed a system of cavities not visible on the ordinary X-ray plate. 

An attempt at an artificial pneumothorax was not successful, so a thoracoplasty was 
done. Figure 25 is a bronchogram following the operation. There is still extensive 
bronchiectasis and cavitation. 

The patient’s sputum remained positive and he had a sudden hemoptysis almost a 
year after the last stage and died in one or two minutes. 


BRONCHOGRAPHY IN PULMONARY TUBERCULOSIS 


Fic. 22. Upper left; Fie. 23. Upper centre; Fic. 24. Upper right; Fie. 25. Lower left; 
1g. 26. Lower centre; Fie. 27. Lower right. 
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This case is valuable in that it shows the importance of a bronchogram after ; 
phrenic operation and the obvious desirability of doing this form of investigation, 
before this or any other form of operation. 


Case 15: E.251, European female, aged thirty-three years. About a year before ad 
mission she began to have headaches and tire easily. She became feverish with shivering 
attacks and severe sweats at night. Then a pain developed on the right side and she 
was admitted to a hospital with a high temperature. The cause of the illness proved tv 
be a tuberculous pneumonia and she was eventually sent to a sanatorium where she fe!: 
better for a while until her cough became troublesome. She is a frail looking European 
female. Temperature is between 99 and 100°F.; pulse 90 to 120. Sputum contains 
tubercle bacilli. Physical signs are dulness with bronchial breathing over the left uppe: 
lobe and crepitations throughout the left side. 

An X-ray film showed a large cavity occupying the area of the left upper lobe and an 
obscured left base. An artificial pneumothorax was attempted but was unsuccessful. 

A two-stage thoracoplasty was performed. This appeared to have dealt with the 
cavity most satisfactorily but the patient’s sputum still contained numerous tubercle 
bacilli. 

A bronchogram (figure 26) shows the extensive residual bronchiectasis. 

Some months later the patient had an acute spread of disease on the right side and died. 


Group IITA 


This subgroup contains two examples of extensive lower lobe bronchiectasis in 
patients who appear, on ordinary X-ray films, to have only an upper lobe cavity. 


Both these patients died before completion of their thoracoplasties. We know 
from bitter experience, however, that even a total thoracoplasty is of no avail in 
this type of case. 


Case 16: E.145, European female, aged twenty-seven years. Her disease began nine 
years ago with pneumonia and pleurisy. She had a spell in a sanatorium and remained 
well for nearly seven years when she developed an acute appendicitis. Following this 
operation her cough was troublesome and she was X-rayed and told her disease was again 
active. She is a thin, ill looking woman. Temperature is between 97 and 98.4°F.; 
pulse 84 to 92. Sputum contains tubercle bacilli. Physical signs are dulness over the 
whole of the right lung and signs of a large cavity with crepitations in the upper lobe. 
The apex beat is to the right of the sternum. 

An X-ray film showed a large cavity occupying the area of the right upper lobe and an 
obscured base. There were scattered small calcifications through the left lung. 

A first-stage thoracoplasty was performed on the right side. A bronchogram (figure 27) 
shows the unexpected bronchiectasis at the base on the right. 

A second stage was done, but the patient died on the tenth postoperative day. 


Case 17: E.104, European female, aged thirty-seven years. About two years prior to 
admission she developed a cough and then a month later had a large hemoptysis. She 
was treated at a sanatorium for eighteen months. She is a fit looking woman. Hei 
temperature and pulse are normal. Sputum contains tubercle bacilli. The physica 
signs are dulness over the whole of the left lung with deficient air entry and numerou 
crepitations throughout. 
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An X-ray film showed a large cavity in the left upper lobe and the rest of the left lung 
was obscured. The heart and mediastinum were pulled over to the left. 

\ first-stage thoracoplasty was performed. A bronchogram showed the actual nature 
of the disease at this stage. Besides the upper lobe cavity there was an extensive bron- 
chiectasis occupying the whole of the lower lobe. Further operative interference was 
not attempted, and the patient subsequently died from a spread of the disease to the 
otlier lung. 


SUMMARY AND CONCLUSIONS 


|. Seventeen cases of pulmonary tuberculosis treated by thoracoplasty are 
described. 

2. From a study of their bronchograms the conclusion is reached that in most 
cases it is a matter of chance whether the operation results in a negative sputum 
or not. 

3. It is suggested that an intrabronchial attack is a logical treatment in pul- 
monary tuberculosis, and the use of a suspension of sulphonamide in lipiodol is 
described. 


SUMARIO Y CONCLUSIONES 


|. Describense 17 casos de tuberculosis pulmonar tratados con la toraco- 
plastia. 

2. De un estudio de las broncografias dedticese que en la mayoria de los 
casos es puro azar el que la operacién resulte o no en negativacién del esputo. 

3. Indficase que el ataque intrabronquial constituye un tratamiento ldégico 


en la tuberculosis pulmonar, y describese el empleo de una suspensién de 
sulfonamidos en lipiodol. 


This being the last of this series of articles on bronchography in tuberculosis we wish to 
express our gratitude to those who have assisted us with the work. We wish particularly 
to express our gratitude to Dr. Max Pinner for editing and proof-reading these articles and 
for his interest and encouragement in our work; to Mr. M. Gibson and Mr. R. Sadler for 
reproducing the X-ray plates; to Sister A. Sawdon for her help with thousands of bron- 
chograms; and to Miss M. Childs for her invaluable secretarial work. 
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Homer L. Sampson 
1880-1945 


Homer L. Sampson was born in New York City April 4, 1880. There |e 
attended public school but left short of graduation to become a cash boy in a 
mercantile house. His advancement was steady for eighteen years until t 
thirty years of age his health became impaired. During his working years he 
had photography as a hobby. He was married in 1908. 


Homer L. Sampson 
1880-1945 


He arrived at the Adirondack Cottage Sanitarium on September 10, 1910. 
After completing his treatment, he worked as instructor in photography in 
the patients’ rehabilitation workshop and in 1912 was appointed to operate 
the newly acquired X-ray machine. Without assistance he studied physics, 
electricity, anatomy, physiology and pathology. He has written many article: 
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on the use of the X-ray in tuberculosis and was co-author of a treatise on intes- 
tinal tuberculosis. He addressed many societies, both clinical and X-ray. 
He designed an octagon revolving stereoscope. In 1933 he received the honorary 
degree of Doctor of Science from the University of St. Lawrence. Several 
years ago he was appointed consultant in the Department of Radiology at the 
University of Rochester and consulting roentgenologist at St. Joseph’s Hospital 
in Ogdensburg. He has been a member of the Federal Department of Labor, 
tlee Medical Committee for the Study and Control of Silicosis and of the sub- 
committee for the Medical Study and Control of Silicosis in New York State. 

fe was a member of the National Tuberculosis Association, American Sana- 
torium Association and the Saranac Lake Medical Society; an honorary member 
of the American Trudeau Society; a teacher in the Trudeau School of Tubercu- 
losis; Roentgenologist for the Trudeau Sanatorium and the Trudeau Foundation. 
He died May 16, 1945. 

Homer L. Sampson was a man of great physical energy, possessing a mind 
full of curiosity and an outstanding devotion to detail. He was skilled in many 
crafts and his completed work always possessed the mark of a skilled artisan. 
He had great patience but always was ready to enter into intelligent discussion 
and argument to press home his own deductions and to learn the attitude of his 
associates. He was kindly and generous and gave of his time to all whom he 
thought he could help. He was associated with many civic movements such as 
the Rotary, Boy Scouts, Curling Club and the Presbyterian Church. In all he 
attained to high office and frequently was the motive force to carry on. 

So, too, in his work he applied himself diligently and became an expert on 
radiography in tuberculosis and industrial chest diseases. His accomplishments 
bear the mark of a genius. For his accomplishments we all give him honor and 
will remember him for years to come. 

But by his associates and the many medical interns and students who have 
come in contact with him during their stay at Trudeau Sanatorium, as patients 
and staff members, he will be remembered best for his untiring efforts in their 
behalf. His interest and his devotion to teaching them what he knew will 
ever last in their memory. Untiring, unselfish, ever willing beyond the usual 
day’s work to help them gain knowledge. 

Trudeau Sanatorium has lost one of its pioneers, a genius, one whose stamp 
of character always will remain pressed upon its escutcheon. 


Frep H. HEISE 


AMERICAN TRUDEAU SOCIETY 


The Executive Committee of the American Trudeau Society announces with 
sincere regret the death of the following members during the past year. 


Ferdinand Chenik, M.D. Estes Nichols, M.D. 
Detroit, Michigan Portland, Maine 


Charles H. Cocke, M.D. Charles R. Reynolds, M.D. 
Asheville, North Carolina Chicago, Illinois 


R. L. Cunningham, M.D. Hugh F. Ringo, M.D. 
Los Angeles, California Milwaukee, Wisconsin 


Francis DeCaria, M.D. *Joseph E. Seliady, M.D. 
Bradford, Pennsylvania Northville, Michigan 


John W. Flinn, M.D. Frank W. Shelton, M.D. 
Prescott, Arizona Independence, Kansas 


Ralph F. Harloe, M.D. Michele Siceca, M.D. 
Brooklyn, New York Brooklyn, New York 


David 8. Lazare, M.D. Charles E. Walker, M.D. 
Otisville, New York Sanatorium, Mississippi 


John J. Lloyd, M.D. Groesbeck F. Walsh, M.D. 
Rochester, New York Fairfield, Alabama 


Edward 8. McSweeny, M.D. tHomer L. Sampson, D.Sc. 
New York, New York Trudeau, New York 


*Died in active military service. 
t Honorary member. 
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NOTICE 


In November, 1945, there will be held in the City of Buenos Aires the First 
Argentine Conference on Tuberculosis sponsored by the following scientific 
societies : 

Sociedad Argentina de Tisiologfa 

Sociedad de Tisiologia de La Plata 

Sociedad de Tisiologia de Cérdoba 

Sociedad de Tisiologfa de Rosario 

Sociedad de Tisiologia del Hospital Torni 

Sociedad de Patologia Infecciosa y Tuberculosis del Hospital Muniz 

Colegio de Médicos Tisiélogos Universitarios 

Liga Argentina Contra La Tuberculosis 

Sociedad de Tisiologia del Hospital Nacional Central 

Sociedad de Médicos de Sanatorios y Hospitales del Valle de la Punilla 

Ateneo de la Seccién Profilaxis y Asistencia de la Tuberculosis 
de la Direccién Nacional de Salud Piblica 

Sociedad de Estudios Cientfficos para la Tuberculosis del Hospital 
Vicente Lépez y Planes 


The Executive Committee, formed by the delegates from the ab ove mentioned 
societies, is comprised of the following members: 


President: Dr. Rail F. Vaccarezza 
Vice-Presidents: Dr. Oscar P. Aguilar 

Dr. Antonio Cetraéngolo 

Dr. Francisco R. D’Ovidio 

Dr. Justo Lépez Bonilla 

Dr. Tomas de Villafafie Lastra 
Secretaries: Dr. Angel N. Bracco 

Dr. Jorge B. Ferradds 

Dr. Guido Pollitzer 

Dr. Amadeo J. Rey 
Treasurer: Dr. Ismael M. Hernandez 
Pro-Treasurers: Dr. José Bellingui 

Dr. Luis R. Valle 


The official subjects which the Congress will consider are the following: 


1. Disability and professional rehabilitation of the tuberculous 
in the survey of communities. 

2. Hematogenous pulmonary tuberculosis. 

3. Thoracoplasty in the treatment of pulmonary tuberculosis. 
Techniques, indications and ultimate results. 


The address of the Secretary is Avenida Vélez Sarsfield 405 (Buenos Aires). 
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STREPTOMYCIN IN EXPERIMENTAL TUBERCULOSIS 
WILLIAM H. FELDMAN,! H. CORWIN HINSHAW? anp FRANK C, MANN! 


The use of penicillin in combating successfully certain infectious diseases pro- 
vided ample reasons for the expectation that other antibiotic substances would 
be found that could be applied effectively to microbial pathogens. An important 
addition to the present relatively small group of antibiotics that are sufficiently 
devoid of toxic manifestations to permit zn vivo application is streptomycin. 
This substance was announced in January, 1944 by Schatz, Bugie and Waks- 
man (1). The fact that streptomycin is effective against tubercle bacilli in 
vitro (2) and in vivo (3) and has a relatively low toxicity potential makes this 
antibiotic of much interest to the student of tuberculosis. 


THE SUBSTANCE 


Streptomycin is a product of a fungus similar to the organism designated 
Actinomyces griseus by Krainsky (4) in 1914 (figure 1). The natural habitat 
of this organism is presumed to be the soil. The substance designated by 
Schatz, Bugie and Waksman as streptomycin was obtained by these workers 
from two different strains of actinomyces. One strain was isolated from soil 
from a heavily manured field and the other strain was obtained from the throat 
of a chicken. Schatz, Bugie and Waksman expressed doubt whether this or- 
ganism is normally resident in the body of animals. 

The streptomycin we have used was a powder varying in color from light cream 
to slightly brown. The material was highly hygroscopic and obviously readily 
soluble in water. According to Waksman, Bugie and Schatz (5), streptomycin 
is insoluble in ether and acetone and highly resistant to decomposition. A 
considerable decrease in activity occurs when the pH is reduced to 6 or less and a 
similar loss of activity has been noted in the presence of 2 per cent glucose. 
Solutions containing streptomycin can be heated to 60 C. (and above) for ten 
minutes without appreciable loss of activity, although a temperature of 120 C. 
for ten minutes is definitely deleterious (5). 

When dissolved in water or in a physiological solution of sodium chloride and 
administered parenterally, streptomycin is readily absorbed and is likewise 
rapidly excreted. For this reason, unless administered continuously by the 
intravenous route, it is necessary to inject the material frequently if demonstrable 
concentrations in the blood are to be maintained (6).' 

The first report on the effect in vivo of streptomycin against specific infections 
was that of Jones, Metzger, Schatz and Waksman (7). These workers found 
streptomycin to be effective in combating experimental infections in mice due 


1 Division of Experimental Medicine, Mayo Foundation, Rochester, Minnesota. 

2 Division of Medicine, Mayo Clinic, Rochester, Minnesota. 

3 Additional information regarding the biological properties of streptomycin and data 
pertaining to streptothricin and how this latter antibiotic differs from streptomycin will 
be found in the paper by Waksman, Bugie and Schatz (5). 
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to Salmonella Schottmiilleri, Pseudomonas aeruginosa and Shigella gallinarum. 
In addition they found that streptomycin afforded protection against infection 
of chick embryos with Shigella gallinarum and with Brucella abortus. Robinson, 
Smith and Graessle (8) found streptomycin to have considerable activity in 
vitro against many aerobic gram-positive and gram-negative pathogens. How- 
ever, certain gram-positive anaerobes, such as Clostridium tetani, Clostridium 
Welchii, Clostridium septicum and Clostridium sordellii, proved fairly resistant 
in vitro to streptomycin. In vivo studies by Robinson, Smith and Graessle 
confirmed the previously reported (7) observation that stréptomycin was an 
effective agent in combating experimental infections due to Salmonella Schott- 
miilleri and, in addition, that experimental infections caused by Diplococcus 


Fig. 1. Actinomyces griseus, with a short mycelium and abundant branching: a, b, c por- 
tions of aerial mycelium; d, e, spores germinating with one and two germ tubes respectively. 
(After Drechsler from Waksman’s Principles of Soil Microbiology, Williams & Wilkins Co., 
Baltimore, 1932. Reproduced by permission of the author.) 


pneumoniae and by Staphylococcus aureus could be readily controlled by ade- 
quate doses of the drug. Heilman (9) studied the in vitro and in vivo activity 
of streptomycin for Pasteurella tularensis. He found this microérganism to be 
one of the most sensitive to streptomycin of a number of gram-negative bac- 
teria studied in vitro. In tests in vivo in which mice were infected with Pas- 
teurella tularensis, streptomycin had a markedly protective effect. Heilman 
(10) also reported recently on the striking antibiotic effect of streptomycin 7” 
vitro and in vivo against microérganisms of the Friedlander group (Klebsiella). 

Schatz and Waksman (2) studied the effects in vitro of streptomycin on 2 
human strain of Mycobacterium tuberculosis (H37), with results indicative o! 
bacteriostatic and bactericidal activity. They also noted that a strain of the 
avian variety of Mycobacterium tuberculosis was more resistant to streptomycin 
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than was true of the human strain studied. Schatz and Waksman, however, 
mentioned that a second antibiotic factor had been obtained from Actinomyces 
griseus. Unlike streptomycin, the second antibiotic substance is ether-soluble 
and was found to be more effective, in vitro, against the avian variety than 
against the human variety of Mycobacterium tuberculosis. 


FIRST EXPERIMENT* 


Our first supply of streptomycin was obtained from Dr. 8. A. Waksman' 
in April, 1944. The material had a potency of 37 units per milligram. The 
amount available was sufficient to provide treatment of 4 guinea pigs only. 

Method: Twelve male guinea pigs weighing approximately 500 g. each were 
inoculated subcutaneously in the sternal region with 0.1 mg. of a sixteen day old 
culture of human tubercle bacilli, strain H37RV. The culture was grown in the 
modified synthetic liquid medium of Proskauer and Beck (11). Eight of the 
infected animals received no medicament; these served as controls both for this 
and for additional chemotherapeutic studies being done concurrently. Ad- 
ministration of streptomycin to 2 of the animals was started on the day of in- 
oculation with Mycobacterium tuberculosis, while treatment of the other 2 ani- 
mals was delayed for two weeks. 

The dose of streptomycin for the guinea pig was set arbitrarily at 75 mg. 
(2,775 units) for each twenty-four hour period. One of the 2 animals in which 
treatment was started immediately after infection received only half of this 
amount. The substance was given subcutaneously five times daily at three- 
hour intervals. The first injection of each day was at 9:00 a.m. and the last 
injection at 9:00 p.m.? 

Since a daily dose of 75 mg. (2,775 units) of streptomycin was tolerated satis- 
factorily by the one animal in which treatment with this amount was started at 
the time of inoculation with Mycobacterium tuberculosis, a similar dose was used 
to treat each of the 2 remaining animals, starting on the fifteenth day after 
infection. 

Treatment was continued until the fifty-fourth day of infection, when the 
supply of streptomycin was exhausted. At the termination of treatment the 4 
animals receiving streptomycin were killed for necropsy. During the preceding 
two weeks, 2 of the untreated controls had died. To provide additional mate- 
rial for comparison 2 more controls were killed. The remaining 4 animals in the 
control group were killed sixty days after infection. 

At the time of necropsy the spleen of each of the 4 animals that had received 
streptomycin was removed aseptically. The spleens were divided approximately 


‘ A preliminary report of our first and second experiments with streptomycin in tubercu- 
lous guinea pigs has been published previously (3). 

5 New Jersey Agricultural Experiment Station, New Brunswick, New Jersey. 

6 In this instance a unit of streptomycin as defined by Jones, Metzger, Schatz and Waks- 
man (7) consisted of that quantity of the antibiotic agent necessary to inhibit the growth 
of a certain strain of Escherichia coli in 1 ec. of nutrient broth or agar. 

7 We express our gratitude to our colleague Dr. F. R. Heilman for important and 
valuable assistance in the first experiment. 
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into two equal portions; one portion was preserved for subsequent histological 
study and the other was ground and suspended in sterile physiological solution 
of sodium chloride. Each splenic suspension was used to make cultures and to 
inoculate subcutaneously 2 normal guinea pigs. The recipients were killed for 
necropsy fifty-six days after inoculation. 

Toxicity: In the dosage used, streptomycin appeared to be well tolerated by 
each of the 4 animals, since all apparently remained in good health. Each of 
the 4 guinea pigs increased in weight. However, the greatest gain occurred 
in the 2 animals that had received streptomycin for the shorter period. 

The hemoglobin values of the treated animals, determined from blood speci- 
mens removed by cardiac puncture at the time of necropsy, were but slightly 
below normal and in no sense critical. The values expressed in grams per 100 
cc. of blood were 12.8, 12.8, 13.2 and 12, respectively. The average value for 
the 4 treated animals was 12.7 g., a figure that was in excess of the average 
hemoglobin value of the 6 untreated controls killed for necropsy, which was 11. 

A further indication of the lack of toxicity of streptomycin in the doses given 
was the absence of recognizable tissue changes in the kidneys, adrenals, liver, 
lungs, urinary bladder, lymph nodes and bone marrow of each of the treated 
guinea pigs. Unlike most of the sulfone compounds which we have studied, 
streptomycin did not induce large, dark spleens (12). 

Antituberculosis effects: The rather severe and widely distributed tuberculosis 
that occurred in the guinea pigs constituting the untreated control group pro- 
vided satisfactory material for judging the effect which was exerted by strepto- 
mycin. The disease was strikingly evident grossly in each of the controls and 
microscopically the lethal destructiveness of the advancing tuberculous process 
was characteristic and at marked variance with the situation in the animals 
treated with streptomycin (figure 2). The amount of tuberculosis in the sub- 
cutis at the site of injection and in the contiguous lymph nodes was minimal in 
3 of the 4 animals treated with streptomycin. In one guinea pig, lesions were 
not found in either of these situations. Among the treated animals the amount 
of visceral tuberculosis was likewise minimal. Among the 4 spleens there was 
only one in which tuberculosis was recognizable grossly and in this instance the 
involvement consisted of a single nodule 0.1 cm. in diameter. 

On microscopic examination a few lesions were found which could not be 
seen grossly but the changes in the spleens were quantitatively of minor degree 
and when present were definitely nonprogressive or even retrogressive (figure 3). 
The same was true of the lungs and livers of the animals treated with streptomy- 
cin. The disease either was not present or when found was minimal and arrested 
or nonprogressive. Based on the arbitrary selection of the numeral 100 as 
representing the theoretical maximal amount of tuberculosis possible, the aver- 
age numerical index of infection for the 4 guinea pigs treated with streptomycin 
was 2.8. For the 8 controls the average index of infection was 81.9° 

Mycobacterium tuberculosis was recovered in cultures made from the spleens 


8 The procedure for recording the character and extent of experimental tuberculosis has 
been described in another paper (13). 
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CONTROLS 


TREATED 


Al 


Fic. 2. Amount of tuberculosis noted grossly in treated and untreated animals, shown 
schematically. The numerals indicate the length of life in days after infection. The black 
bar indicates that the animal died (first experiment). For further explanation of symbols 
used see figure 1 of reference 11. 


So 


Fic. 3a. Advancing, destructive tuberculosis, liver of untreated control. Killed fifty- 
four days after inoculation (104) (first experiment). 6. Small epithelioid tubercle, spleen 
of guinea pig treated with streptomycin beginning two weeks after infection (X104). No 
lesions found in lungs or liver (first experiment). 


of only one of the guinea pigs treated with streptomycin. The animal had re- 
ceived a daily dose of 1,387 units of streptomycin for fifty-four days—the entire 
period of the infection. Although the failure of a larger number of cultures to 
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be obtained from the splenic suspension was suggestive of marked bactericidal 
effects, the tentative impression was eventually dispelled by- the results of the 
animal inoculation tests. These results showed that viable and virulent tu- 
bercle bacilli were actually present in each of the spleens of the 4 treated animals, 
This was demonstrated by the fact that tuberculosis was present at necropsy in 
one or both of the 2 normal recipients that had been inoculated with the splenic 
suspensions from each. 

The results of the first study, while based on inadequate data, were sufficiently 
impressive to justify additional in vivo studies with streptomycin. 


SECOND EXPERIMENT 


Methods: Each of 20 male guinea pigs, each weighing approximately 500 ¢g., 
was inoculated subcutaneously in the sternal region with 0.1 mg. of a culture of 
Mycobacterium tuberculosis. Ten were inoculated with strain H37RV and 10 
with a strain (3728) isolated within the past year from the sputum of a patient 
suffering from pulmonary tuberculosis.’ The animals were divided into two 
equal groups, each group containing 5 animals inoculated with strain H37RV 
and 5 inoculated with strain 3728. One group of 10 animals was to be treated 
with streptomycin and the other 10 were to serve as controls. 

Streptomycin was administered to 6 animals—3 inoculated with H37RV and 
3 with strain 3728—beginning the same day as the infective inoculum was in- 
troduced. Treatment of the other 4 animals—2 inoculated with H37RV and 
2 with strain 3728—was delayed until the fifteenth day after inoculation. Treat- 
ment was continued until sixty-one days after the animals had been infected. 
The treated animals and the untreated controls were then killed for necropsy. 
At the time of necropsy blood was taken by cardiac puncture for the determina- 
tion of hemoglobin values and a study of the morphological aspects of the blood. 
Approximately half of each spleen was removed aseptically and, after appro- 
priate preparation, was cultured for Mycobacterium tuberculosis. Tissues from 
the spleen, liver, lungs and kidneys, the site of inoculation and the axillary 
space, including the axillary lymph nodes, of each animal were preserved for 
subsequent microscopic examination. 

Dosage of streptomycin: The streptomycin available when the second experi- 
ment was started was supplied by Doctor Waksman and represented a different 
lot of the substance from that furnished by him for the first experiment. Each 
of the 6 guinea pigs in which treatment was started on the day of infection re- 
ceived a daily dose of streptomycin of 3,500 units divided into four daily doses 
at six-hour intervals. In all instances the streptomycin was dissolved in sterile 
physiological solution of sodium chloride and injected subcutaneously. At the 
end of one week of treatment the weight of each of the animals either had re- 
mained stationary (one guinea pig) or had decreased (5 guinea pigs); conse- 
quently the daily dose of streptomycin was temporarily reduced to 1,750 units. 
This dose schedule was continued for the ensuing nineteen days, when a more 
purified lot of streptomycin was received from Doctor Waksman. The dose was 


® Previous observations had revealed this latter strain to be fully virulent for guinea pigs. 
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then increased to 3,000 units daily for a period of fifteen days. A further refined 
product was then received and the dose was increased to 6,000 units.’° This 
dose was maintained for the next twenty days, at the end of which the experi- 
ment was terminated. The dose schedule for streptomycin for the 4 animals 
in which treatment was delayed until the fifteenth day of infection was the 
same as that being currently employed for the other animals. 

Toxicity: The preparation of streptomycin used in the earlier phase of the 
second experiment was tolerated less satisfactorily than was true of the strepto- 
mycin used in the first experiment. As mentioned previously, most of the ani- 
mals lost weight after administration of the substance had been started. In 
one case edema and congestion of the external genitalia developed and the animal 
finally died after having received streptomycin for only nine days. At necropsy 
the important lesions were those of severe acute peritonitis. Structural changes 
indicative of hepatic damage were not seen microscopically. One other animal 
experienced considerable loss of weight, which continued even after the daily 
dose had been reduced to 1,750 units. Treatment was withheld intermittently 
in order to permit the animal to recover its loss of weight. After the more 
refined product was obtained, no further difficulty was experienced. At the 
end of the experimental period each of the 9 surviving guinea pigs weighed more 
than at the beginning. The gain in body weights varied from 85 g. to 300 g. 
with an average gain of 177 g. for the 9 animals. 

The concentrations of hemoglobin for the 9 surviving animals that were 
treated with streptomycin varied from 11.6 to 13.6 g. per 100 cc. of blood, the 
average being 12.8 g. The hemoglobin values for 8 of the 9" untreated controls 
that survived the sixty-one day period of observation varied from 5 to 13.6 g., 
the average being 11 g. Studies of the morphological aspects of the blood pic- 
ture revealed nothing of significance. 

Except in 2 instances in which a few small subcapsular hemorrhagic infare- 
tion-like changes were seen in the liver, microscopic examination of the tissue of 
the animals that had received streptomycin failed to disclose in the parenchymal 
organs recognizable changes that could be interpreted as evidence of toxic 
effects. In some instances the tissue from the axillary space, which was the 
site of frequent injections of streptomycin, showed some cellular reaction, edema 
and hemorrhage of minor degree. 

Antituberculosis effects: As was true in the first experiment, there was a marked 
and striking difference in the results of the tuberculous infection between the 
controls and the treated animals. This was evident from the gross appearance 
of the respective animals at necropsy (figure 4). The disease in the untreated 
controls was widely disseminated and in most instances destructive. Among 
the animals that had received streptomycin the reverse was true, evidence of 


10 Streptomycin for the completion of the second experiment and for the conduct of the 
third experiment was kindly supplied by Merck and Company, Inc., Rahway, New Jersey, 
through the courtesy of Dr. D. F. Robertson, Dr. R. T. Major, Dr. Hans Molitor and Dr. 
J.M. Carlisle. 

11 The hemoglobin value of one of the controls was inadvertently not determined. 
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the disease being absent or barely detectable. The disease had in most in- 
stances remained localized at the site of inoculation and the contiguous lymph 
nodes of the axillary region. In only one of the treated animals was tuberculosis 
observed grossly in any of the organs. In this instance the spleen contained 
two minute foci. In 2 of the 9 treated guinea pigs tuberculous involvement 
of the tracheobronchial lymph nodes was noted by careful palpation of these 
structures. The differences in the amounts of tuberculosis in the treated and 
untreated groups of guinea pigs are given in table 1. 


Streptomycin—2nd exper. Infected 61 days 
CONTROLS - NOT TREATED 


TREATED 


TREATMENT DELAYED 


Fig. 4. Schematic representation of the amount of tuberculosis recorded at the time of 
necropsy in treated and untreated groups of guinea pigs. Treatment of the animals repre- 
sented in the middle group was started the day the animals were inoculated with Mycobac- 
terium tuberculosis. In the lower group treatment was delayed for two weeks (second ex- 
periment). 


Microscopically, the disease in the 9 untreated controls revealed the usual 
advancing morbid processes in the spleen, lungs and liver that one expects in 
guinea pigs after inoculation with virulent Mycobacterium tuberculosis. Micro- 
scopic examination of the spleen, liver and lungs of each of the 9 treated animals 
showed the situation to be entirely different. No lesions were found in the lungs 
of any of the guinea pigs, while the livers of only 2 were involved. These lesions 
were too small to be seen grossly, being exceedingly few and atrophic. No 
lesions were found microscopically in the spleens of 4 of the treated animals. 
In one, the tuberculosis was limited to a single microscopic focus composed 
largely of so-called foam cells, and in each of the other 4 an occasional solitary 
hard tubercle could be seen, which had not been noted grossly (figure 5). Inci- 
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dentally, the latter spleens were from the 4 animals in which treatment had been 
delayed for fifteen days after the animals had been infected. 


TABLE 1 
Summary of results obtained in experiment 2 


DURATION OF ORGANS SHOWING MACRO- | INDEX OF 
INFECTION 


INFECTION DURATION | SCOPIC TUBERCULOSIS 
OF TREAT- DETER- 
MINED 


MENT 
MICRO- 
Died | Killed Spleen | Liver | Lungs |. opicatzy® 


days days days 


Controls (9 animalsf) 0 61 0 8 7 + 67 
( 
Treated (9 animalst) 0 5.8 


* Tissues examined included spleen, liver, lungs, tracheobronchial lymph nodes, sub- 
cutis at the site of injection and the axillary lymph nodes (100 units represents theoretical 
maximal amount of tuberculosis possible). 

t Of the 10 animals in the group originally, one died prematurely. 


Fic. 5a. Severe tuberculous changes in spleen of untreated control (X50) (second ex- 
periment). 6. Atrophic remnants of the only tuberculous lesion found in the spleen of 
guinea pig treated with streptomycin beginning two weeks after inoculation (115) (second 
experiment). The 2 animals represented in figure 5 were both killed sixty-one days after 
inoculation with Mycobacterium tuberculosis. 


<xpressed numerically (13), the index of infection for the untreated controls 
was 67; for the animals that had received streptomycin the figure was 5.8. There 
was no recognizable difference in the ability of the streptomycin to affect favor- 
ably infection induced by strain H37RV and strain 3728. 
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The attempts to recover Mycobacterium tuberculosis by culture from the 
splenic tissue of treated guinea pigs resulted in positive results from the spleens 
of 3 animals and negative results in 6. Two of the 3 positive results were 
obtained from the spleens of animals in which the beginning of treatment had 
been delayed. Each of the animals in which Mycobacterium tuberculosis was 
recovered had been inoculated with strain H37RV. 

Sensitivity to tuberculin was demonstrated in 7 of the treated animals at the 
termination of the experiment. In 2 guinea pigs the results of the tuberculin 
test were indefinite. 

The results of the first two experiments with streptomycin revealed this sub- 
stance as one capable of considerable antibiotic influence against infections 
induced in guinea pigs with the human variety of Mycobacterium tuberculosis. 
Not only did the antibiotic prevent, in a large measure, the development of tu- 
berculosis in guinea pigs when treatment was started on the same day that the 
animals were inoculated, but, in addition, impressive deterrent suppressive 
effects were accomplished in those animals that had been inoculated two weeks 
prior to the beginning of treatment. The relatively low toxicity of streptomycin 
in vivo and the desirability of determining the true measure of its therapeutic 
effectiveness in experimental tuberculosis of guinea pigs prompted a desire to 
continue and expand our studies. As a consequence a third experiment was 
done. 


THIRD EXPERIMENT 


The objective of the third study was primarily to impose conditions sufficiently 
severe so as to obtain, if possible, unequivocal evidence as to the ability of 
streptomycin to exert a therapeutic effect against experimental tuberculous 
infections. In order to be sure of creating in at least some of the experimentally 
infected animals a well established disease entity before treatment was started, 
the animals were inoculated several weeks before the administration of strepto- 
mycin was begun. As a source of additional evidence of whether or not strepto- 
mycin was capable of exerting a definite therapeutic effect on experimental 
tuberculous infections, we proposed to obtain by biopsy tissues from the in- 
fected animals before treatment was started and to compare eventually the 
tissue obtained at biopsy with that obtained from the same animal at necropsy 
after the period of treatment had terminated. 

Methods: Sixty male guinea pigs whose average weight was slightly in excess 
of 0.5 kg. were obtained. Fifty of the animals were inoculated subcutaneously 
in the sternal region with 0.001 mg. of a nine day old culture of Mycobacterium 
tuberculosis, strain H37RV. The 10 remaining guinea pigs received in a similar 
manner 0.001 mg. of a thirty-eight day old culture of our strain 3728.2 The 
animals were caged in pairs. The animals were tested with tuberculin (intra- 
cutaneous injection of 0.02 to 0.04 cc. of Old Tuberculin 1:100) forty-two days 


12 As mentioned previously, this strain of Mycobacterium tuberculosis had been isolated 
during the past year from a patient who had pulmonary tuberculosis and was used to inocu- 
late some of the animals in the second experiment. 
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after being inoculated with Mycobacterium tuberculosis and all gave a positive 
reaction. On the forty-eighth day after infection all animals were anesthetized 
with pentobarbital sodium and laparotomy was performed by one of us (F. C. 
M.) for the purpose of obtaining a specimen for biopsy from the liver of the 
respective animals. The day following the laparotomies the surviving animals 
were divided into two groups of approximately equal size.’* One group was to 


All animals inoculated 
with M. tuberculosis 


Treatment with 
streptomycin started 


* Surviving animals 
killed on 215 day 


* 


Le Untreated controls (24 animals) 
| seers Treated with streptomycin (25 animals) 


2% 6 8 10 12 14 16 18 20 22 24 26 28 30 
Duration of infection in weeks 


Fic. 6. Comparative survival times of treated and untreated groups of guinea pigs 
(third experiment). 


serve as the untreated controls and the other group was to receive treatment with 
streptomycin. As a consequence of the deaths of 3 guinea pigs during the eight 
days following laparotomy, the animals finally constituting the group that was 
to receive treatment totaled 25. In the group that did not receive treatment 
the number of animals totaled 24. 


13 Of the 60 guinea pigs that were subjected to laparotomy, 7 failed to recover from the 
anesthetic and 3 died during the eight days following laparotomy. Indicative of the pro- 
gressive character of the tuberculous infection was the fact that visceral tuberculosis was 
recognizable in 8 of the 10 guinea pigs that died immediately or soon after laparotomy was 
performed. 
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Throughout the period of medication each animal in the treated group re- 
ceived subcutaneously at six-hour intervals 1,500 units of streptomycin or a 
total of 6,000 units of the drug every twenty-four hours. The medication was 
started on the forty-ninth day after inoculation and continued without inter- 
ruption for 166 days, when the experiment was terminated. The animals hac 
been inoculated 215 days previously. Before the experiment was terminated, 
all guinea pigs in the treated and in the untreated groups of guinea pigs were 
again tested for sensitivity to tuberculin.'* One-half of the spleen of each guinea 
pig treated with streptomycin was obtained aseptically at the time of necropsy 
and subsequently examined for the presence of tubercle bacilli. The respective 
spleens were ground and suspended in physiological solution of sodium chloride. 
Each suspension was then used to “‘seed’”’ 8 slants of Sasano-Medlar (14) medium 
and to inoculate 2 normal guinea pigs subcutaneously. The results of the cul- 
tural attempts were recorded after ten weeks of incubation. The guinea pigs 
inoculated with the splenic suspensions were killed for necropsy after being kept 
under observation for eight weeks. 

Comparative survival times: During the 215 days of the experiment there was 
a marked dissimilarity in the mortality of the two groups of animals. In the 
group that was not treated approximately 70 per cent died, while, among the 
25 animals that were receiving streptomycin, only 2 (8 per cent) had died 
(figure 6). Sixteen (approximately 94 per cent) of the deaths among the un- 
treated group occurred during the first 169 days after inoculation with Myco- 
bacterium tuberculosis. During the same period the only 2 deaths that occurred 
among the treated animals were recorded. As may be noted, the 2 treated 
animals died 146 days and 168 days, respectively, after infection. 

Antituberculosis effects: Impressive differences existed in the amounts of 
tuberculosis seen in the two groups of guinea pigs. The differences were strik- 
ingly apparent when the results of the necropsies of the respective animals 
were recorded schematically and arranged for direct comparison (figure 7). 
With the exception of the animal that died after 146 days of infection (ninety- 
eight days of treatment) and in which tuberculous splenic nodules were visible 
grossly, massive, wide-spread parenchymal tuberculous infection such as char- 
acterized the disease in most of the untreated controls (figure 8) did not occur." 
Not only was the therapeutic or deterrent effect of streptomycin apparent in 
the relative absence of gross parenchymatous lesions of tuberculosis in the 
organs of predilection, such as the spleen, liver and lungs, but of great interest 
were the relatively few instances in which tuberculous lymphadenopathy oc- 
curred. As recorded in figure 7, there were 8 animals which at the time of 
necropsy appeared to have tuberculous involvement of the tracheobronchial 
lymph nodes. Subsequent microscopic examination of these tissues failed to 
reveal tuberculous changes in 4. 


14 As mentioned previously a 1:100 dilution of Old Tuberculin was used and the materia! 
was injected intracutaneously in 0.02 to 0.04 cc. amounts. 

15 One of the treated animals had at necropsy severe bilateral tuberculous orchitis al- 
though no demonstrable disease was found in the liver or lungs and the disease in the spleen 
was limited to a few calcified nodules demonstrable microscopically. 
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The most impressive evidence of the therapeutic efficacy of streptomycin 
was the information obtained by comparing microscopically the tuberculous 
changes present in the biopsy specimens of the liver obtained before treatment 


CONTROLS 


STREPTOMYCIN SERIES 
TREATED AFTER 49 DAYS 


Fic. 7. Amount of tuberculosis, shown schematically, noted grossly at necropsy in 
treated and untreated groups of guinea pigs. The number beneath an animal represents the 
length of life in days after inoculation. A black bar above a numeral indicates that the 
animal died (third experiment). 


was started with sections taken from the same livers after the period of treat- 
ment was terminated. As may be noted in figure 9, in those animals that did 
not receive treatment, the tuberculosis, which was well established when biopsy 
was done on the forty-eighth day after infection, continued to exhibit a destruc- 
tive progressiveness that was in conformity with the expected unaltered course 
of inoculation tuberculosis in guinea pigs. The character of the tuberculous 
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changes in the biopsy specimens from the livers of the animals that were subse- 
quently treated with streptomycin was comparable in every way to the situation 
present in the biopsies of livers of the animals that did not receive treatment 
subsequently. However, when the biopsy specimens from the animals that 
were treated were compared with material obtained at necropsy from the same 
livers at the end of the period of treatment there was demonstrable proof that 
the course of the disease had been definitely altered (figure 10). Instead of a 


pene 


Fic. 8. Severe tuberculosis in the lungs, liver and spleen of untreated guinea pig that 
died 104 days after subcutaneous inoculation with 0.001 mg., strain H37RV. 


continuing destructive process that was clearly apparent in the biopsy specimens 
when treatment started, a favorable influence had been exerted and after a 
prolonged period of treatment the hepatic lesions resolved or remained as 
atrophic remnants. Thus we have an example of a well established, potentially 
lethal, tuberculous disease in a highly susceptible animal becoming reversed 
under the influence of a medicament administered with therapeutic intent. 
The histological examination of the tissues provided a considerable amount 
of information regarding the efficacy of the therapeutic procedure. Among the 
25 animals treated—including one that died 146 days after infection and one 
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that died 168 days after infection—there were 13 devoid of gross or microscopic 
tuberculosis after 166 days of therapy. In only one animal was a tuberculous 
lesion found in the liver (figure 10) and in only one was a parenchymal lesion 
found in the lung. In the latter instance tuberculosis was represented by a 
solitary calcified nodule (figure 11). Fourteen of the 25 spleens were without 
tuberculous changes and none of the spleens had lesions of progressive or ex- 
tensive disease. As a matter of fact, of the 11 spleens in which tuberculous 
lesions were found, in 7 the lesions were calcified, in 3 they were fibrotic and in 
one they consisted of epithelioid or hard tubercles (figure 12). Another im- 
pressive evidence of the therapeutic efficacy was the paucity of tuberculosis in 


4 


Fic. 9a. Tuberculosis in liver at time of biopsy in untreated control (X130). 6. De- 
structive necrotizing disease in the liver at the time of death, 101 days after infec- 
tion (X130). Same animal represented in a (third experiment). 


the suprasternal tissues and in the contiguous lymph nodes. Since the animals i 
had been inoculated in tissues overlying the sternum, one would expect to find ' tl 
residual lesions at the site of injection or in the lymph nodes draining this region. 
However, in only 2 of the 25 animals treated with streptomycin were tuberculous i 

| 


lesions noted. In both instances the disease was limited to a single axillary 
lymph node with no signs of infection in the suprasternal tissues. 

The differences in the amounts of tuberculosis present at necropsy in the 
treated and untreated groups of guinea pigs have been summarized numerically t 
and are shown in table 2. When reduced to a numerical basis the differences id 
in the amount of tuberculous disease in the two groups of guinea pigs are of 
sufficient magnitude to constitute a real rather than an apparent difference. 
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Fic. 10. Livers of guinea pigs before and after treatment with streptomycin (third ex- 
periment). a. Large tuberculous nodule at time of biopsy (X130). 6. Same liver as shown 
in a after treatment for 166 days with streptomycin. Organ was free of demonstrable 
lesions (X130). c. Progressive tuberculous nodule in the liver, biopsy specimen (X130). 
d. Appearance of liver of same animal represented in c after 166 days of treatment with 
streptomycin. Disease limited to single atrophic focus (130). 


Residual infection in treated animals: It was determined by cultures and by 
animal inoculation tests that the streptomycin did not, under the conditions 
imposed, eliminate all tubercle bacilli from the spleens of all guinea pigs that 
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Fic. 11. Calcified nodule in lung of guinea pig treated with streptomycin for 166 days 


(X130). The only other lesion found was a small fibrotic nodule in the spleen (third experi- 
ment). 


Fic. 12. Nonprogressive tuberculous lesions in spleen of 3 animals in the group treated 
with streptomycin (third experiment). a. Area of diffuse fibrosis in the spleen (130). 
Animal had received streptomycin for 119 days. No lesions in lungs or liver. b. Contrac- 
ted, retrogressive lesion with calcification (130). Animal had been treated with strepto- 
mycin for 166 days. No other signs of tuberculosis found in any of the tissues. c. Solitary 
calcified nodule in the spleen of guinea pig treated with streptomycin for 166 days (130). 
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had received treatment. By cultural procedures positive results were obtained 
from 8 of the 24 spleens.'*® In 16 instances attempts to culture Mycobacterium 
tuberculosis were futile. The results of the animal inoculation tests were 
markedly different from those obtained by culture. Of the 23 spleens used 
for animal inoculation tests, 15 contained Mycobacterium tuberculosis capable 
of producing a mild to a severe tuberculous disease in the usual organs of pre- 
dilection in at least one of the pair of animals receiving the respective splenic 
suspensions." 

It should be recalled that one-half of each spleen was preserved for the making 
of histological preparations and that the other half was prepared for tests to 
determine the presence of viable and virulent Mycobacterium tuberculosis. 
Since a portion of each spleen was available for microscopic study, it was possible 
to compare the morphological aspects of the respective spleens with the results 
of the tests for residual infection and to determine if the results of the latter 
tests could be correlated with the specific character of structural changes pres- 


TABLE 2 

Average severity of tuberculosis in different anatomical situations expressed numerically. 
Data based on the histopathological characteristics of the tissues indicated 

(13). (Experiment 3) 


| 
SITE OF IN- 
SPLEEN LUNGS LIVER OCULATION 


AVERAGE 
INDEX OF 


ANIMALS | | | 
(max. 35) | (max. 30%) | (max. 25) | (Max. 10t) INFECTION 


| 
| 


(MAX. 100) 


| 28 | 24.1 | 18.3 | 
Treated | 0.52 | 0.6 | 0.04 | 


* Includes involvement of tracheobronchial lymph nodes when no lesions were found it in 


the lungs. 
t Includes contiguous lymph nodes. 


ent in the spleens of the animals treated with streptomycin. The results show 
that, among the 15 spleens from the treated animals that were found to contain 
Mycobacterium tuberculosis at the end of the period of treatment, in 6 that por- 
tion of the respective spleens to be sectioned for histological study showed 
only calcified nodules. In 2 instances in which the animal inoculation test 
gave positive results, those portions of the respective spleens studied microscopi- 
cally showed fibrotic foci. In7 other instances in which the animal inoculation 
tests gave positive results, portions of the respective spleens studied microscopi- 
cally failed to reveal tuberculous changes. 

This phase of study indicated the unreliability of predictions as to the pres- 
ence or absence in guinea pigs of virulent Mycobacterium tuberculosis based on 


16 Results were considered positive when acid-fast bacillary forms having the colonial 
features of Mycobacterium tuberculosis grew on the surface of medium seeded with splenic 
material. 

17 Tn 2 instances, tuberculosis in the animals previously inoculated with splenic material 
from treated animals was limited to minimal tuberculous lymphadenopathy of the axillary 
nodes in one of the 2 animals inoculated. 


GROUP 
10 0.4 
0.08 1.24 
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the structural character of the tuberculous lesions or whether tissues without 
demonstrable lesions of tuberculosis still harbor the causative organisms. Some 
of our results suggest the latter to be true, although it is obvious that the splenic 
tissues prepared for animal inoculation were not examined microscopically and 
conversely that the exact tissues examined microscopically were not used also 
to inoculate animals. 

Sensitivity to tuberculin: As was mentioned previously, at the end of the ex- 
periment all surviving animals in the treated and untreated groups were tested 
for sensitivity to tuberculin one week before they were killed. Each of the un- 
treated controls gave a markedly positive reaction, many showing the beginning 
of ulceration forty-eight hours after the tuberculin was introduced. With one 
exception the reaction to tuberculin among the treated animals was mild. Of 


TABLE 3 


Results of tests to demonstrate residual infectivity in spleens of 9 guinea pigs treated with 
streptomycin and subsequently found to be negative to tuberculin* 


SPLENIC SUSPENSION 
ANIMAL HISTOPATHOLOGICAL CHARACTERISTICS 
OF SPLEEN Culture Pathogenicity for normal 

guinea pigs 
1 Caleified nodulet | + | Negative 
2 No lesions - | Negative 
3 No lesions | — Negative 
4 No lesions | — Negative 
5 No lesions | _ Positive 
6 No lesions | - | Negative 
7 No lesions | - | Negative 
8 Calcified nodulet Positive 
9 No lesions - Negative 


* All animals were sensitive to tuberculin prior to beginning of treatment. 

+t One-half of each spleen was used to prepare material for histopathological examina- 
tion and the remainder for making cultures and the inoculation of guinea pigs. 
t The demonstrable signs of tuberculosis were limited to the spleen. 


the 23 animals that had been treated with streptomycin the reaction in 14 
was recorded as positive, while in 9 the reaction to tuberculin was recorded as 
negative. The results of tests to determine the presence of viable or virulent 
Mycobacterium tuberculosis in the respective spleens of each of the 9 guinea pigs 
that failed to react to tuberculin are shown in table 3. The fact that the spleens 
of only 2 of the 9 animals that failed to react to tuberculin contained virulent 
Mycobacterium tuberculosis is of considerable interest in that streptomycin 
appears capable, under optimal conditions, of bactericidal, in addition to sup- 
pressive, action in vivo. 

Concentration of streptomycin in the blood: Like penicillin, a large percentage of 
streptomycin is excreted with the urine within a relatively short time after 
parenteral administration. On the day the long-term experiment was ter- 
minated each of the 23 guinea pigs received a final dose of 1,500 units of strepto- 
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mycin subcutaneously. The final dose of streptomycin was given at least six 
hours subsequent to the previous dose. The time schedule for the injection of 
streptomycin into the respective animals was arranged so that specimens of 
blood for streptomycin assay representing different intervals of time after the 
last dose of streptomycin would be available. 

The animals were anesthetized with chloroform and specimens of blood were 
obtained by cardiac puncture. The specimens of blood were submitted to the 
laboratory of our colleague Dr. Dorothy Heilman" who made the assays for 
streptomycin content.’ The results of Doctor Heilman’s tests may be sum- 
marized as follows: Blood obtained from 5 guinea pigs one hour to one and a 
half hours after injection of streptomycin contained not less than 3.12 units of 
streptomycin per cc. and one specimen assayed 4.68 units per cc. In blood taken 
from 8 guinea pigs killed at intervals of one hour and forty minutes up to two 
and a half hours after the last dose of streptomycin, the streptomycin content 
of 6 was 1.56 units per cc., in one it was 3.12 units per cc. and in one no strepto- 
mycin was detected. In blood from the remaining 10 guinea pigs obtained at 
intervals from two hours and fifty minutes to as long as six hours after the last 
dose of streptomycin the method of assay failed to detect streptomycin. 

These data, although not comprehensive, supply a sufficient reason for the 
rather frequent administration of streptomycin if a detectable blood concentra- 
tion of the drug is to be maintained. Unless incorporated into a suitable men- 
struum that would slow the absorption of the substance, the optimal time 
schedule for administering streptomycin to guinea pigs would appear to be every 
three hours. 

Toxicity of streptomycin: We have been impressed with the fact that the 
streptomycin supplied for our third experiment was tolerated with fewer un- 
desirable side reactions than was true of the material originally obtained from 
Doctor Waksman. Improved methods of preparation have resulted, we are 
sure, in a more purified and less toxic product. It is doubtful that the strepto- 
mycin utilized in these studies was of sufficient purity to permit the formation 
of a clear opinion of the toxic properties of the active ingredient. 

The toxicity of the preparation supplied for our third experiment was appar- 
ently of a low order. As evidence of its failure to induce irreversible deleterious 
reactions is the fact that the animals in the treated group in our third experi- 
ment received the drug four times daily continuously for 166 days. During 
this period no deaths that could be ascribed to the toxic effects of streptomycin 
occurred among the group of 25. The animals ate well, continued to be in 
apparently excellent heaith and experienced a satisfactory weight and growth 
curve (figure 13). The average weight of the 25 animals when treatment was 
started was slightly less than 700 g. One hundred and sixty-six days later the 
average weight of the 23 animals that survived the period of observation was in 


18 The Division of Clinical Pathology, Mayo Clinic, Rochester, Minnesota. 
19 The method of assay used by Doctor Heilman embraces the slide-cell procedure. A 
description of the method was published recently (15). 
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excess of 950 g.2° In spite of the long period of therapy, in none of the animals 
in our third experiment did increased intolerance or sensitivity develop. It is 
possible that administration of streptomycin in the dose used (6,000 units daily) 
could have been continued indefinitely. 

As further evidence of the low toxicity of streptomycin are the observations 
of our colleague Dr. Dorothy H. Heilman, who studied the cytotoxicity of 
streptomycin by a method described by Herrell, Heilman and Gage (16) for 
determining the toxicity of bactericidal agents.2! Doctor Heilman’s observa- 
tions were made on nine different lots of streptomycin hydrochloride, furnished 
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Fic. 13. The gradual and continuous increase in average weight of the animals treated 
daily with streptomycin for 166 days. 
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through the kindness of Dr. D. F. Robertson, Merck and Company, Rahway, 
New Jersey. She summarized her results as follows: “In a concentration of 
1:2,000 most of the samples showed a slight decrease in migration of macro- 
phages or a moderate inhibition of fibroblastic growth or both. In a concentra- 


20 The weight curve was constructed from data obtained by weighing the animals twice 
veekly. 

21 In testing the cytotoxicity of streptomycin by the method of Herrell, Heilman and 
‘xage, the procedure was essentially as follows: Suitable dilutions of the samples of strepto- 
:ycin hydrochloride were made in Tyrode’s solution and added to Carrel flask cultures of 
‘xplants of normal rabbit spleen. A similar volume of Tyrode’s solution was added to con- 
rol cultures. Measurements were made of the migration of macrophages on the fourth day 
ind fibroblastic growth measurements were made on the sixth day of incubation. 
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tion of 1:4,000 migration and growth of cells were as extensive as in the contro! 
cultures in every instance. Between streptomycin and penicillin on the basi. 
of weight, the two substances appear to be of the same order of toxicity. Th 
cytotoxicity of streptomycin as well as that of penicillin is low compared with; 
that of other bactericidal agents.” 

As mentioned previously, blood was obtained from animals in both the treated 
and untreated groups when the third experiment was terminated. The re- 
spective blood specimens were subjected to hematological study by our colleague, 
Dr. George M. Higgins. The blood specimens studied represented a total of 24 
guinea pigs. Six were from the group of untreated controls and 18 were animals 


Fig. 14. Tissue changes in axillary space of 2 guinea pigs after many injections of strep 
tomycin over a period of 166 days. a. Area of granulation tissue replacing atrophic muscle 
(X130). 6b. Compact connective tissue with many small vascular channels (130). 


that had received streptomycin daily for 166 days. Data were obtained con- 
cerning the erythrocytes, hemoglobin and the leucocytes and Doctor Higgins 
concluded that the data from the treated and untreated groups of animals were 
statistically identical and were within the normal range. 

Local cellular reactions: The fact that streptomycin was injected subcutane- 
ously into the animals in our third experiment for a rather protracted period 
provided an unusual opportunity to study the local cellular reaction to the drug. 
‘The majority of the injections were made into the soft tissues of the right and 
left axillary spaces. At necropsy tissue from the left axillary space of all treated 
animals was preserved for subsequent study. Since none of the treated animals 
died after receiving streptomycin for a few days or a few weeks, material showing 
the early cellular reactions to the local injection of streptomycin is not available. 
‘The material studied has been that from animals treated for 166 days. In 
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most instances the cellular reactions were limited to the soft areolar tissues. 
These had been replaced by fibrous connective tissue of variable cellularity 
(figure 14). In some areas the reaction was rather collagenous while other areas 
were characterized by numerous and apparently immature fibroblasts. In some 
instances a few foreign body giant cells were present. Acidophilic granulocytes 
were commonly present as were histiocytic forms. Small vascular channels 
were frequently a prominent feature of the fibroblastic reaction. Occasionally 
small abscesses were noted. In a few instances there was considerable recent 
hemorrhage but edema was missing or scant. While the reactions for the most 
part occurred in, and were limited to, the loose alveolar tissue of the axillary 
space, occasionally the reactive process involved the portions of the contiguous 
muscle (figure 14). Generally speaking, the local cellular reaction to repeated 
injections of streptomycin was that of a granulomatous response. What part 
infections may have had in the cellular reaction is problematic. The skin 
overlying the sites of injection was not disinfected prior to the introduction of 
the hypodermic needle and infection from this source is likely. 

Our impressions regarding the toxicity of streptomycin suggest that this 
substance has little inherent toxicity. Toxit manifestations when they occur 
should, we believe, be attributed to factors not related to streptomycin per se. 
The most efficient methods utilized at the present time in preparing streptomycin 
do not exclude extraneous material and such material may well be the source of 
toxic effects charged to the antibiotic substance.” 

Strain susceptibility or resistance: It will be recalled that two different strains 
of Mycobacterium tuberculosis were used to prepare the infective inoculums used 
in experiments 2 and 3. One was strain H37RV, which has been extensively 
used in studies of experimental tuberculosis for many years. The other 
strain used was a subculture of a strain which we had isolated a few months 
previously from a man affected with far advanced and progressive pulmonary 
tuberculosis. In both experiments some of the animals in both the treated and 
untreated groups were inoculated with one strain and the rest of the animals with 
the other. The results indicated quite definitely that streptomycin was equally 
effective against the two strains.” 


COMMENT 


Since the report of Rich and Follis (18) in 1938 on the deterrent effect of sulfan- 
ilamide on Mycobacterium tuberculosis in vivo, the question of chemotherapy in 


22 Further studies are being made utilizing higher doses and later it is anticipated that 
more highly purified products will be obtainable. 

*3 The virulence of subcultures of strain H37RV obtained from several different labora- 
tories was studied by Corper and Cohn (17). The results indicated a wide divergence of 
virulence of different subcultures of this organism. Our subculture was among those in- 
cluded in Corper and Cohn’s study and was found at that time (1943) to be but slightly less 
virulent than the most virulent of the subcultures studied. 

24 Another and more extensive study designed to determine possible differences in sen- 
sitivity to streptomycin of several strains of freshly isolated cultures of Mycobacterium 
tuberculosis is now being done. 
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tuberculosis has been reopened. What previously had seemed to be an im- 
penetrable problem and one invulnerable to specific attack by chemical agents 
now appeared assailable. There followed an impressive array of experimental 
trials with a long list of sulfonamide compounds in the search for a substance 
that would effectively control tuberculosis in the experimentally infected guinea 
pig but the results were rather unrewarding. 

The first significant break in the formidable armor of Mycobacterium tubercu- 
losis came with the advent of a derivative of 4,4’-diaminodipheny] sulfone. 
The successful derivative was sodium p,p’-diaminodiphenylsulfone-N , N’-didex- 
trose sulfonate, designated by the trade name promin. With this sulfone com- 
pound it was possible for the first time to achieve a striking deterrent effect on 
well established tuberculosis in the highly susceptible guinea pig (19, 20). 
However, the efficacy of promin in experimental tuberculosis was not absolute. 
The infection could be kept indefinitely in a state of suppression so long as the 
medication was continued but when medication was stopped the treated ani- 
mals would eventually succumb to their tuberculous disease (21,22). Clinically, 
promin was not a desirable drug because of a high toxic potential for certain 
hematopoietic elements. ° 

The search for more effective and less toxic sulfone compounds continued 
and disodium formaldehyde sulfoxylate diaminodiphenyl sulfone (diasone) was 
synthesized. The tuberculochemotherapeutic properties of diasone for ex- 
perimental tuberculosis were found to be fairly comparable to those of promin 
(23, 24). However, the toxicity of diasone constituted a serious obstacle to its 
general acceptance for clinical use. The next substance that proved promising 
on the basis of experimental data was 4,2’-diaminophenyl-5’-thiazolyl sulfone 
(promizole). This drug was as effective as promin in its favorable influence on 
well established experimental tuberculosis in guinea pigs (25) Furthermore, 
it had the desirable virtue of being less toxic for human beings than any of the 
other sulfones that had appeared so promising as a result of experimental trials 
in guinea pigs. Clinically, however, promizole has proved disappointing for 
reasons not as yet well understood (26). 

The discovery and subsequent development of penicillin provided a highly 
effective and practically nontoxic chemotherapeutic agent. It was logically 
hoped that penicillin would be useful against tuberculosis. . Unfortunately, 
experimental trials showed this antibiotic to offer little, if any, promise in com- 
bating this disease (27 to 31). The observation of Schatz and Waksman that 
streptomycin has the ability to exert a bacteriostatic and bactericidal action in 
vitro on a human strain of Mycobacterium tuberculosis and our own studies on the 
effect of streptomycin in vivo against tuberculous infections suggest very defi- 
nitely the potentialities of antibiotics in the experimental attack on infections due 
to Mycobacterium tuberculosis. The relatively low toxicity for guinea pigs of the 
more purified product makes it possible to administer streptomycin in therapeu- 
tically adequate doses to these animals for prolonged periods without deleterious 
effects. Of great importance is the fact that, unlike most of the sulfone com- 
pounds found to be effective in combating experimental tuberculosis, strepto- 
mycin apparently does not produce in guinea pigs a recognizable blood dyscrasia. 
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As brought out in the experimental data, streptomycin exerted a striking in- 
hibitory action on the in vivo activities of Mycobacterium tuberculosis but did 
not succeed in eliminating or in killing all of the infective agents in the animals 
constituting our experiments. As we have indicated elsewhere (11), one of the 
critical requirements that should be demanded of a substance having anti- 
tuberculosis effects in experimental tuberculosis in guinea pigs is the ability of 
the drug to eliminate or to render avirulent Mycobacterium tuberculosis in the 
organs of predilection. This may or may not be a reasonable requirement for 
any chemotherapeutic substance to meet. However, failure of a drug to meet 
this requirement may indicate (1) that the substance has a limited potential 
effectiveness, (2) that the dose is inadequate, (3) that the drug should be adminis- 
tered more frequently or by a different route or (4) that the duration of treat- 
ment should be extended. Although streptomycin did not meet this require- 
ment in all instances, the fact that tuberculosis failed to develop in normal 
guinea pigs inoculated with suspensions prepared from the spleens of 8 treated 
animals appears significant. A careful consideration of the various factors of 
this phase of the study appears to justify the impression that streptomycin did 
induce a considerable reduction of the infective bacteria and it is possible 
that more of the microérganisms would have been eliminated by a more inten- 
sive and prolonged treatment. 

The dosage schedules followed in our studies probably do not represent the 
optimal. So far as we know, the upper limits of tolerance of guinea pigs for 
streptomycin have not been determined. It is our belief that, with a product 
of maximal purity, medication of guinea pigs with streptomycin could be con- 
tinued indefinitely. 

A factor that may well have militated against the maximal therapeutic 
effects from streptomycin in our studies was the relatively long interval between 
successive injections of the drug. As mentioned previously, streptomycin, like 
penicillin, is excreted rather rapidly from the body following parenteral adminis- 
tration and this fact should be carefully considered when maximal therapeutic 
effects are anticipated. The results of the studies to determine the concentration 
of streptomycin in the blood of the animals treated in our third experiment 
demonstrated very clearly that administration of the drug every six hours was 
not frequent enough to maintain a detectable blood concentration by the method 
used. As a matter of fact, if it is assumed that detectable amounts of strepto- 
mycin given parenterally can no longer be demonstrated after two and a half to 
three hours, then the treated animals in our third or long-term experiment were 
devoid of the drug during about one-half of each twenty-four hours. Whether or 
not intermittent therapy of experimental tuberculosis with streptomycin will 
give results comparable to a situation where detectable amounts of the substance 
are present continuously in the blood is not known. However, until facts to 
the contrary are available it would seem logical to expect the maximal results 
from the administration of the substance in adequate amounts and sufficiently 
frequently to insure the maintenance at all times of a therapeutically suitable 
blood concentration. What value constitutes a therapeutically adequate blood 
concentration of streptomycin is yet to be established. 
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The results of these experiments with streptomycin seem to indicate that this 
substance is the most effective in vivo tuberculochemotherapeutic agent which 
we have studied or which we have seen reported in the literature. The rela- 
tively low toxicity for guinea pigs of the more purified product and its high 
efficacy in resolving and suppressing what would otherwise be lethal tuberculo- 
sis in guinea pigs establish streptomycin as an antibiotic worthy of serious con- 
sideration and of further study. 

Clinical considerations: It has been repeatedly demonstrated that anti- 
bacterial substances which are active against Mycobacterium tuberculosis in vitro 
may be of little or no value in combating the infection in experimental animals 
and in human beings. It should again be emphasized that tuberculosis ex- 
perimentally induced in guinea pigs offers many contrasts to the disease which 
the same organism produces in man. Also, it may be stated that the tubercle 
bacillus produces several dissimilar types of disease in man, so different as to be 
essentially distinct diseases. In all of the common tuberculous diseases of man 
the pathological alterations produced are much more complex than those in 
the animals studied at the time treatment was begun in this series of experi- 
ments. Any effort to predict what streptomycin may accomplish for human 
tuberculosis enters into the uncertain field of speculation. 

Serious harm may result to patients who refuse such proved remedies as 
sanatorium care and ‘collapse therapy, in the remote hope that a powerful 
chemotherapeutic remedy is imminent. We must emphasize to physicians and 
patients that prolonged and difficult studies must yet be carried out before any 
estimate can be attempted of the clinical potentialities of streptomycin. 

We have been hesitant to publish these experimental findings because of the 
fear that unwarranted clinical implications might be expressed by those who are 
not familiar with the many previous therapeutic disappointments in the history 
of tuberculosis. However, the laboratory investigator also has the important 
responsibility of promptly recording those results which may be of value to 
other investigators and it is hoped that this record of the first successful use of a 
modern antibiotic agent in experimental tuberculosis will stimulate interest and 
direct research activity to this promising field of study. 


SUMMARY AND CONCLUSIONS 


Three experiments are described which demonstrated the ability of the anti- 
biotic, streptomycin, to control experimental tuberculosis successfully in guinea 
pigs. Two of the experiments were of short duration while the third continued 
for a period of 215 days. Two strains of Mycobacterium tuberculosis were used; 
both were of the human variety. The drug was administered subcutaneously 
four to six times daily. The first two, or preliminary, experiments having 
yielded impressive results, the third or crucial in vivo study was done. In the 
latter, guinea pigs were inoculated with Mycobacterium tuberculosis forty-eight 
days before treatment was started. The day before treatment began, biopsy 
of the liver was done on all the animals. This was to provide information on the 
state of the infection prior to treatment, which could be compared with the situa- 
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tion in the same respective livers at the end of the treatment period. The 
animals received 6,000 units of streptomycin daily, divided into four equal 
doses. The treated group consisted of 25 guinea pigs, while the group of un- 
treated controls totaled 24 animals. When the experiment was terminated 
after 166 days of treatment, 17 (approximately 70 per cent) of the untreated 
animals had died, compared to 2 (8 per cent) of the group that had received 
streptomycin. Nearly all of the untreated controls showed at necropsy severe, 
widely disseminated tuberculosis while the tuberculous disease among the ani- 
mals that had been treated was minimal. Thirteen (52 per cent) of the treated 
animals had no tuberculosis grossly or microscopically. Nine (approximately 
39 per cent) of the treated animals living when the experiment was terminated 
gave a negative reaction to tuberculin. The following conclusions are drawn: 

1. The antibiotic, streptomycin, under the conditions imposed was effective 
in resolving or suppressing established experimental tuberculous infections in 
guinea pigs. 

2. Streptomycin preparations used had a low toxicity for guinea pigs in doses 
of 6,000 units per day and were tolerated without recognizable deleterious effects 
for a prolonged period. 

3. Although capable of striking deterrent effects in combating or preventing 
anatomical changes due to Mycebacterium tuberculosis, streptomycin in most 
instances exerted a suppressive rather than a sterilizing effect on the infective 
agent. 

4. In some instances (approximately 39 per cent) successful treatment with 
streptomycin resulted in a reversal of a positive to a negative sensitivity to 
tuberculin. 

5. Larger doses and more frequent administration of streptomycin might have 
enhanced the bacteriostatic effects. 

6. The striking effects of streptomycin in reversing a potentially lethal tu- 
berculosis in the highly susceptible guinea pig and the low toxicity and corre- 
sponding safety of purified streptomycin are prerequisites of a drug worthy of 
limited clinical trial when adequate supplies become available and its pharma- 
cological properties have been studied in man. 

7. Any conjecture as to the clinical potentialities of streptomycin appears to 
be very unwise at this time. 


SUMARIO Y CONCLUSIONES 


Describense tres experimentos en que se demostré la capacidad del anti- 
bidtico estreptomicina para cohibir la tuberculosis experimental en el cobayo. 
Dos de los experimentos duraron poco tiempo, pero el tercero continudéd por 
espacio de 215 dias. Utiliz4ronse dos cepas de Mycobacterium tuberculosis, 
ambas de la variedad humana. La droga se administré subcutaneamente de 
cuatro a seis veces diarias. Habiendo dado los primeros dos experimentos, los 
preliminares, resultados imponentes, se llevé a cabo el tercer estudio, el critico, 
in vivo. En este ultimo se inoculé a los cobayos Mycobacterium tuberculosis 48 
dias antes de iniciar el tratamiento. El dia antes de iniciarlo se ejecuté una 
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biopsia hepdtica en todos los animales, a fin de obtener informacién relativa al 
estado de la infeccién antes del tratamiento y poder compararlo con la situacién 
en los mismos higados respectivos al terminar el periodo terapéutico. Los 
animales recibieron 6,000 unidades diarias de estreptomicina divididas en cuatro 
dosis iguales. El grupo tratado constaba de 25 cobayos y el de testigos de 24. 
Al terminar el experimento, al cabo de 166 dias de tratamiento, habian muerto 17 
(aproximadamente 70 %) de los animales no tratados, comparado con 2 (8 %) 
en el grupo que recibié estreptomicina. Casi todos los testigos no tratados 
revelaron en la autopsia una grave tuberculosis muy diseminada en tanto que 
era minima la afeccién tuberculosa entre los animales tratados. Trece (52 %) 
de los animales tratados no mostraron tuberculosis macro o microscdépica. 
Nueve (aproximadamente 23 %) de los animales tratados que vivian al terminar 
el experimento acusaron una reaccién negativa a la tuberculina. Del estudio 
sacdronse las siguientes conclusiones: 

1. El antibidtico, estreptomicina, en las condiciones impuestas resulté eficaz 
para resolver o suprimir infecciones tuberculosas experimentales establecidas 
en el cobayo. 

2. Las preparaciones de estreptomicina utilizadas mostraron poca toxicidad 
para el cobayo a la dosis de 6,000 unidades por dia y fueron toleradas durante 
un periodo prolongado sin producir efectos nocivos reconocibles. 

3. Aunque capaz de producir notables efectos en lo relativo a combatir o 
impedir las alteraciones anatédmicas debidas al Mycobacterium tuberculosis, la 
estreptomicina en la mayor parte de los casos ejercié efecto supresor mas bien 
que esterilizante sobre el agente infectivo. 

6. En algunos casos (aproximadamente 39%) el tratamiento con la estrepto- 
micina hizo virar a negativa una reaccién positiva a la tuberculina. 

5. Dosis mayores y una administracién mds frecuente de la estreptomicina 
tal vez hubieran acrecentado el efecto bacteriostatico. 

6. Los notables efectos de la estreptomicina para modificar una tuberculosis 
potencialmente letal en el susceptibilisimo cobayo y la baja toxicidad y corres- 
pondiente inocuidad de la estreptomicina purificada son condiciones que debe 
cumplir una droga acreedora a limitadas pruebas clinicas, cuando haya a mano 
abastos adecuados y se hayan estudiado en el hombre sus propiedades farma- 
coldégicas. 

7. Toda conjetura acerca de las potencialidades clinicas de la estreptomicina 
parece ser muy imprudente por ahora. 
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STREPTOTHRICIN IN EXPERIMENTAL TUBERCULOSIS 
WILLIAM H. FELDMAN! anv H. CORWIN HINSHAW? 


Streptothricin, the antibiotic substance obtained from Actinomyces lavendulae 
by Waksman and Woodruff (1), was made available to use for in vivo tests 
against human tubercle bacilli in July, 1944.2 Previously the microbiologic 
aspects of this substance had been studied by Woodruff and Foster (2, 3). 
Studies to determine toxicity for mice and in vivo activity of streptothricin 
against Salmonella Schottmiilleri, Salmonella aertrycke, Escherichia coli and 
Shigella dysenteriae were reported by Robinson, Graessle and Smith (4). They 
concluded that although crude streptothricin was markedly effective in vitro 
against many gram-positive and gram-negative organisms, certain gram-negative 
and most gram-positive species were quite resistant to the action of streptothricin 
in vive. Robinson, Graessle and Smith established that body fluids had no 
apparent inhibitory effect on the action of streptothricin and that mice tolerated 
single doses of 30,000 units per kilogram administered intravenously or sub- 
cutaneously without evidence of toxicity during a five-day period of observation. 

Woodruff and Foster (5) studied the inhibition in vitro of several species of 
mycobacteria by streptothricin. The organisms studied were Mycobacterium 
tuberculosis hominis, Mycobacterium tuberculosis avium, Mycobacterium leprae 
and two strains of Mycobacterium smegmatis. It was found that mycobacteria 
exposed to streptothricin in Long’s medium were among the most sensitive of 


the organisms tested to this antibiotic. In addition to a considerable inhibitory 
action Woodruff and Foster presented data suggesting the bactericidal activity 
of streptothricin against mycobacteria. They expressed the belief that the 
results of their in vitro experiments suggested the desirability of determining the 
effects that streptothricin might have in influencing experimental tuberculosis in 
animals. 


METHODS 


Each of 20 male guinea pigs having an average weight of 520 g. was inoculated 
subcutaneously with a suspension containing 0.1 mg. of human tubercle bacilli. 
Ten of the animals received strain H37RV and 10 received a strain of human 
tubercle bacilli isolated a few months previously from a patient who had pro- 
gressive pulmonary tuberculosis (strain 3728). The animals were divided into 
two groups: group A, which was not to receive treatment and was to serve as 
control; and group B, which was to be treated with streptothricin. One-half 
of the animals in group A had been inoculated with H37RV strain of tubercle 
bacilli and the rest had been inoculated with strain 3728. In group B one-half 


1 Division of Experimental Medicine, Mayo Foundation, Rochester, Minnesota. 
2 Division of Medicine, Mayo Clinic, Rochester, Minnesota. 
* The substance was supplied as streptothricin hydrochloride by Merck and Company, 
Rahway, New Jersey. 
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of the animals had been inoculated with strain H37RV and one-half with strain 
3728. 

Treatment of 6 of the infected animals with streptothricin was started on the 
day of inoculation. In 4, treatment was delayed until the lapse of two weeks 
after inoculation. The streptothricin was administered subcutaneously every 
six hours. The amount given at each injection was 875 units,‘ totaling 3,500 
units daily. However, after 15 injections, during which time the animals 
each received a total of 13,125 units of streptothricin, there were unmistakable 
signs of toxicity and treatment was discontinued for two days. During this 
interval each of the 6 animals that had been receiving streptothricin had lost 
weight and 3 had died. Since the dose selected previously was not tolerated 
satisfactorily, the subsequent daily dose of streptothricin was reduced to 1,750 
units per animal, given, as mentioned before, in four divided doses six hours 
apart. 


RESULTS 


Toxicity: Even the reduced dose of streptothricin (1,750 units) was tolerated 
rather poorly by the infected guinea pigs. Each animal experienced a loss of 
weight, which varied from a minimal loss of 80 g. to a maximal loss of 200 g. 
The other signs of toxicity were sluggish behavior, hematuria and edema of the 
external genitalia, incontinence and in some instances a bloody discharge from 
the rectum with prolapse. Microscopically among those animals that died 
early in the experiment there were severe morphological derangements of the 
liver suggesting regions of focal necrosis with a circulatory basis of origin. 
Several of the animals showed bilateral pyelitis and a marked edematous thicken- 
ing of the wall of the urinary bladder especially associated with the tissues lying 
immediately beneath the mucosa. In some the vesical mucosa was eroded in 
small areas and the mucosal structure was packed throughout its depth with 
erythrocytes. This suggested the explanation for the hematuria. Parenchymal 
damage to the kidneys was not observed. 

The failure of the animals to tolerate streptothricin satisfactorily under the 
conditions imposed is evident from the large percentage of the treated animals 
that died. When the experiment was terminated sixty-one days after the 
animals had been inoculated with tubercle bacilli, only 3 of the 10 animals 
that received streptothricin were living. During the same period, of the 10 
untreated controls only one had died.§ 

Antituberculosis effects: Of the 7 guinea pigs that survived more than eight 
days after treatment was started, the amount of tuberculosis noted at necropsy 
was recorded as moderate to severe (figure 1). The 3 animals that were still 


‘A unit of streptothricin has been defined by Robinson, Graessle and Smith (4) as the 
“minimum quantity of drug which when added to 1.0 cc. of nutrient broth will inhibit a 
given strain of E. coli.”’ 

5 At the time when the effect of streptothricin on experimental tuberculosis was being 
studied there was conducted concurrently a study of streptomycin on experimental tuber- 
culosis. During the sixty-one day period of observation only one of the 10 animals treated 
with streptomycin died (6). 
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living in the delayed treatment group when the experiment was completed had 
severe tuberculosis comparable to that which characterized the disease in the 
untreated controls. The longest period during which any of the animals was 
treated with streptothricin was forty-seven days and neither grossly nor micro- 
scopically was there any evidence that treatment with streptothricin had ex- 
erted a favorable influence on the course of the disease.® 


CONTROLS 


Fic. 1. Amount and distribution of tuberculous lesions recorded schematically at the 
time of necropsy. The respective numerals indicate the number of days after inoculation 
before death. The black bar above a numeral indicates that the animal died. The animals 
represented by the top group were not treated. Treatment of the middle group with strep- 
tothricin was started the day the animals were inoculated with tubercle bacilli. In the 
group represented at the bottom, treatment was delayed until the lapse of two weeks after 
inoculation. For further explanation of symbols used see figure 1 of Am. Rev. TUBERC., 
1945, 61, 582. 


COMMENT 


Many substances of both natural and synthetic origin possess the ability to 
suppress the growth of Mycobacterium tuberculosis in vitro. Very few of these 


6 The failure to observe results of therapeutic efficacy with streptothricin was in marked 
contrast to the strikingly favorable results obtained under similar experimental conditions 
with streptomycin (6). 


in | 
ne 
ks 
10 
] 
is Sy vey wy 
0 61 61 61 61 
rs 

oy yey yey wey 

EN 
of 
TREATED STREPTOTHRICIN 
n 

4 
| 
TREATMENT DELAYED 
- 

t 
y 
e 
g 


302 WILLIAM H. FELDMAN AND H. CORWIN HINSHAW 


retain such power when tested against the disease, tuberculosis, in experimental 
animals. The first modern antibiotic substance found to have effective thera- 
peutic properties against experimental tuberculosis is streptomycin; hence, it 
is of unusual interest and significance to learn that a substance of similar origin 
and with similar bacteriostatic properties in vitro should prove to be ineffective 
invivo. ‘This fact emphasizes the necessity for animal experimentation in evalua- 
tion of antibiotic substances as well as in evaluation of synthetic antibacterial 
substances. 


SUMMARY AND CONCLUSIONS 


Streptothricin was tested for its ability to influence the expected course of 
experimental tuberculosis in guinea pigs. The antibiotic was administered sub- 
cutaneously and the daily dose was divided into four equal amounts and in- 
jected at six-hour intervals. The following conclusions were drawn: 

1. The streptothricin available and in the dose used was poorly tolerated by 
rather large, previously vigorous guinea pigs. All but 3 of the 10 guinea pigs 
treated with streptothricin died during sixty-one days of observation. 

2. Unlike streptomycin, another antibiotic also obtained from a species of 
Actinomyces and which has a high therapeutic potential in tuberculosis of guinea 
pigs, streptothricin under the conditions described proved devoid of demon- 
strable deterrent qualities that would suggest antituberculosis effects. 


SUMARIO Y CONCLUSIONES 


La estreptotricina fué comprobada con respecto a su capacidad para modificar 
la evolucién anticipada de la tuberculosis experimental en el cobayo. El 
antibidtico fué administrado subcutaéneamente, dividiéndose la dosis diaria en 
cuatro fracciones iguales e inyectandose a plazos de seis horas. Sacdronse las 
siguientes conclusiones: 

1. La estreptotricina disponible a la dosis utilizada fué mal tolerada por 
cobayos algo grandes y previamente vigorosos, muriendo 7 de los 10 tratados 
durante los 61 dias de observacién. 

2. En contraposicién a la estreptomicina, otro antibidtico obtenido de una 
especie de Actinomyces que mostré un alto potencial terapéutico en la tubercu- 
losis del cobayo, la estreptotricina en las condiciones descritas no revelé pro- 
piedades cohibidoras que indicaran accién antituberculosa. 
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CHEMOTHERAPY OF SULFONES AND SULFONAMIDES IN 
| EXPERIMENTAL TUBERCULOSIS! 


Further Studies 
M. I. SMITH anv W. T. McCLOSKY 


In a survey of the action of a series of sulfonamides, sulfones and certain 
phosphorus related compounds in experimental tuberculosis it was shown in 
1942 that little could be expected from the sulfonamides and that the sulfones 
appeared to hold out more promise. Of the sulfonamides studied at that 
time only sulfadiazine seemed to have a somewhat favorable effect (1). In a 
later study (2) with a larger group of derivatives of 4-4’-diaminodiphenylsulfone 
the results indicated but little chemotherapeutic effectiveness in the sodium 
formaldehyde sulfoxylate derivative (diasone), while the N-phosphory] derivative 
synthesized in this laboratory (8, 4) appeared to be the most effective. In the 
course of the investigations on the phosphorylation of the sulfone another phos- 
phorylated derivative was obtained, a tri-diamido-phosphoric acid derivative 
(4); the present report deals with the chemotherapeutic effectiveness of this 
compound in experimental tuberculosis. 

For comparative purposes experiments were made simultaneously with the 
parent substance 4-4’-diaminodiphenylsulfone as the standard of reference and 
another sulfone derivative, promizole, which had previously been reported to 
be effective in experimental tuberculosis by Feldman and associates (5). In 
addition, experiments were carried out at the same time with three sulfonamides 
hitherto untried, namely, P-n-caproylaminobenzenesulfonhydroxamide (sulfa- 
benamide), N’dimethylacroylsulfanilamide (irgamide) and N’-3,4-dimethy]- 
benxoylsulfanilamide (irgafen). Sulfabenamide had previously been found 
to be effective in experimental streptococcus infection in rabbits (6), and 
irgamide was reported to be effective in experimental pneumococcal and strepto- 
coccal infections in mice (7). Little information is available on irgafen. 
Irgamide and irgafen were supplied by the J. R. Geigy Company, sulfabenamide 
by Sharp and Dohme, Inc. and promizole by Parke, Davis & Company. 

One hundred and forty male guinea pigs of from 250 to 350 g. each were 
inoculated intraperitoneally with a 1 cc. suspension of tubercle bacilli A27 
human strain, representing approximately 1 mg. of bacilli moist weight. The 
animals were divided into seven groups, 20 each, and treated as follows: 


1. Group A received daily 0.1 to 0.2 g. per kg., usually 0.15 g. per kg., 4-4’-diaminodi- 
phenylsulfone as a 5 per cent solution in propylene glycol. 
2. Group B received daily 0.5 g. per kg. tri-diamidophosphoric acid derivative of the 
sulfone as a 10 per cent solution in propylene glycol containing 10 per cent water. 
3. Group C—controls. 
1 From the Division of Physiology, National Institute of Health, U. S. Public Health 
Service, Bethesda, Maryland. 
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. Group D received daily 0.5 g. per kg. promizole as a 10 per cent aqueous suspension 
in 5 per cent gum acacia. Early signs of toxicity necessitated reduction of dosage 
at intervals to 0.4 or even 0.3 g. per kg. 

. Group E received 0.3 to 0.5 g. per kg. sulfabenamide in aqueous suspension as above. 

. Group F treated daily with 0.5 g. per kg. irgamide in the same manner. 

. Group G treated daily with 0.5 g. per kg. irgafen suspension as above. 


Treatment was begun the day following infection and was continued for a 
period of forty days. All drugs were administered by stomach tube connected 
with a graduated syringe; the treatment was given once daily except Sundays 
with no change in dosage except in the animals of groups A, D and E, in which 
dosage had to be reduced frequently on account of drug toxicity as manifested 


TABLE 1 
Blood levels at the end of the experimental period 
Average of 6 animals 


BLOOD CONCENTRATION, MG. PER CENT* 


GROUP AND DRUG 4 hours 6 hours 24 hours 


Free | Total | Free | Total Free Total 


. 4/4'-diaminodiphenylsulfone 79) Gli 
. Tridiamido phosphoric acid derivative 2.2 2.2 trace 
. Promizole : 2/15.1) — 3.0 3.1 
. Sulfabenamideft ‘ 8.0 | 13.8] 2.3 5.9 


aon -2 | 16.9 | 20.9 | 3.2 4.5 


. Irgafen 16.0 11.7 | 22.4 | 2.3 5.0 


* Method of Bratton and Marshall (8). 

+ All determinations made against the acid hydrolyzed standard. The results indicate 
that the compound hydrolyzes in the body fairly rapidly and quite completely and it 
would appear that acetylation may follow this. 


by excessive loss of weight. The plan of the experiment was to administer 
the drugs up to the limits of tolerance, but not to exceed 0.5 g. per kg. The 
limits of tolerance of the parent sulfone in guinea pigs when given repeatedly 
is in the neighborhood of 0.15 g. per kg. (2). Promizole and sulfabenamide 
were tolerated in doses of 0.5 g. per kg. for a while, but dosage had to be reduced 
at intervals to 0.3 or 0.4 g. perkg. Even under these conditions several animals 
were lost inadvertently from drug toxicity. 

The relative toxicity of the drugs used and the blood levels that could be 
maintained under the experimental conditions are shown in chart 1 and table 1, 
which represent the data obtained in groups of normal guinea pigs, 6 each, 
treated once daily in the dosage indicated for a period of thirty days. Blood 
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A = 4-4’ DIAMINODIPHENYLSULFONE 

8 = TRI-DIAMIDOPHOSPHORIC ACID DERIVATIVE OF “A” 
D = PROMIZOLE 

= SULFABENAMIDE 
F 

G 


IRGAMIDE 
IRGAFEN 
= CONTROLS 


FIGURES IN PARENTHESES = AVERAGE GRAMS , (58) 
HEMOGLOBIN PER 100cc. BLOOD 
(42) 


0 (14.0) 


| 
3 4 5 


WEEKS 


Cuarr 1. Toxicity of the several drugs in normal guinea pigs. 4-4’-diaminodipheny!- 
sulfone administered once daily at a dosage level of 0.15 g. per kg.; all others at 0.5 g. per kg. 
The sign + indicates death of an animal. Under the experimental conditions 4 animals 
died in the promizole group and 2 in the diaminodiphenylsulfone group. These animals 
were replaced in order to maintain 6 animals in each group to the end of the experiment. 


level determinations were made at the termination of the experiment. As may 
be seen in chart 1, promizole was the most toxic, diaminodiphenylsulfone at a 
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dosage level of a little less than one-third was next in order, while the tridiamido 
derivative, irgamide and irgafen were the least toxic. Of the three sulfones, 
promizole produced the highest blood- levels, diaminodiphenylsulfone next, 
and the tridiamido derivative gave the lowest blood levels. The low blood 
levels in the latter instance were due to poor and irregular absorption, since 
with subcutaneous injections of the drug in aqueous solution it was possible to 
obtain considerably higher blood levels. The local irritant action of the drug 
when given subcutaneously in guinea pigs precluded its use in this manner. 


TABLE 2 
The chemotherapeutic effect of three sulfones and three sulfonamides 
AVERAGE 
MORTALITY “TER 100 cc. 
PER CENT | AVERAGE AVER- NUMBER 
AT 100 SURVIVAL | “Aor LOSING 
DAYS IN DAYS WEIGHT Second 
GROUP AND DRUG WHEN AT TER- can | ATTER- |Animals First deter- 
EXPERI- | MINATION IN MINATION dying The determi- mination 
| | | UP,t© | whole| nation at | ermine. 
NATED pa group | height of | ‘tion of 
ays treatment experi- 
ment 
45 60 75 8/11 | 10.0 |11.0| 14.6 15.2 
A. 4-4'-diaminodiphenyl- 
45 52 135 3/11 5.5|6.8| 12.4 17.0 
B. Tridiamido phosphoric 
acid derivative...... 40 64 85 6/12 4.4/7.5] 14.0 16.0 
BA, 45 64 105 2/11 3.3 |7.5] 12.4 15.8 
E. Sulfabenamide......... 70 63 29 2/6 6.7 | 7.4} 18.1 14.7 
45 71 122 5/11 9.3/9.8] 14.3 15.1 
40 64 144 5/12 7.7| 8.2) 15.5 15.6 


Hemoglobin determinations at the end of the experimental period showed 
little effect from any of the drugs used except 4-4’-diaminodiphenylsulfone 
which had a definite toxic action on the hematopoietic system. 

The results of the chemotherapeutic tests are shown in table 2 and chart 2. 
The extent of tuberculous involvement at necropsy was rated, as previously 
described (2), on the basis of the gross findings in the groups of tissues and organs 
most commonly involved: the omentum, the spleen, the liver, the peritoneum 
kidneys and mesenteric lymph nodes, and the lungs. The extent of tuberculous 
involvement in each tissue or organ was rated on the basis of 0 to 4, thus giving 
a possible maximum tuberculosis index of 20. The autopsies and ratings were 
made for the most part by the same operator throughout the experiment without 
knowledge of the group to which the animal belonged or the treatment it received. 
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At one hundred days following inoculation, all the survivors were killed with 
chloroform and the extent of tuberculous involvement noted. At that time 
the mortality per cent for the several groups is indicated in the second column 
of table 2, from which it will be evident that none of the treated animals showed 
an appreciable advantage over the controls. The mortality rate in the sulfa- 
benamide group was distinctly higher than in the controls, this being due to 
drug toxicity. The average survival in days for the several groups at the time 
the experiment was terminated, shown in the next column, indicates a slight 


A = 4-4' DIAMINODIPHENYLSULFONE 
B = TRI-DIAMIDOPHOSPHORIC ACID DERIVATIVE OF “A” E 
F = IRGAMIDE fS- TB INDEX 
G = IRGAFEN 
|_¢ = CONTROLS 
S 
a 
S S S 
N SN S 
S S SS 
S S SS SS 
S S SN S 
S SN 
N N N 
N S N 
N 
S S S 
N S N N 
S N 
NHN 
~ SS SS 
N 
S S N N 
N S S 


Cuart 2. Mortality per cent at the termination of the experiment, and extent of tuber- 
culous involvement as expressed by the average tuberculosis index for each of the treated 
groups and the control group. 


advantage for the irgamide group. The average gain in weight for each group, 
shown in the next column, indicates an advantage for the diaminodiphenyl- 
sulfone, irgamide and irgafen groups over all the others. The number of animals 
losing weight and definitely on the decline at the termination of the experiment 
and shown in the next column indicates an advantage for the animals in the 
diaminodiphenylsulfone group and the promizole group, with the tridiamido 
derivative and irgamide and irgafen groups about equally balanced. Finally 
a consideration of the average tuberculosis index for each group as a whole 
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shows some slight beneficial effect from all the drugs used as compared to the 
controls, with a definite advantage for the sulfones over the sulfonamides. 
This is best illustrated in chart 2 which gives the per cent mortality at the time 
the experiment was terminated and the average tuberculosis index for each of 
the experimental groups. In the last column of table 2 the average hemo- 
globin is given, the first determination having been made at the height of treat- 
ment, about forty days after inoculation, and the second just before the termina- 
tion of the experiment at ninty-five to one hundred days. From this it is clear 
that diaminodiphenylsulfone, promizole and sulfabenamide had a definite toxic 
action on the hematopoietic system, while little effect was evident from any of 
the other drugs. The toxic action, however, was reversible, since at the second 
determination full recovery had been made in most cases. 

Consideration of the average tuberculosis index of the animals that died 
prior to the termination of the experiment as compared with that of the group 
as a whole leads to the speculation concerning the relative early and late chemo- 
therapeutic effects of the several drugs. It would appear that the effect of 
diaminodiphenylsulfone was fairly uniform and persistent, while the more 
marked beneficial effects obtained with the tridiamido derivative and promizole 
during treatment and during the earlier post-treatment phase of the infection 
largely disappeared in the surviving animals following a rest period of about 
two months. It is difficult to make such a comparison for sulfabenamide on 
account of the high mortality in this group prior to the termination of the 
experiment. The chemotherapeutic effectiveness of irgamide and irgafen was 
too slight to attempt such a comparison. In this analysis due consideration 
was given to the possiblity of variations of extent of tuberculous involvement 
in relation to time of survival, but this was so similar in all the groups, except 
the irgamide group, that the assumption seems justifiable. Since none of the 
animals in any of the experimental groups were entirely free of macroscopic 
tuberculous involvement it may be presumed that the tuberculostatic or atten- 
uating action of diaminodiphenylsulfone was more persistent, though perhaps 
less marked, than that of the related compounds under consideration. The 
possibility of attenuating the tubercle bacillus in vitro by prolonged cultivation 
in a medium containing the sulfonated glucose derivative of 4-4’-diaminodi- 
phenylsulfone (promin), in low concentrations, has been demonstrated before 
(9). 


DISCUSSION 


The present experiments confirm and extend previous observations reported 
from this and other laboratories suggesting that the sulfones offer a promising 
lead in the search for a specific chemotherapeutic agent in the treatment of 
tuberculosis, while the sulfonamides appear to hold out less promise. In an 
earlier publication, sulfadiazine appeared to afford a small degree of protection 
(1). More recently, experiments with sulfamerazine and sulfamethazine 
failed to show any beneficial effect whatever.2 The slightly beneficial effect 


? Unpublished data. 
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obtained in the present experiments with the sulfonamide irgafen would seem 
to indicate that differences in activity do exist among the sulfonamides too, and 
it is not inconceivable that substituent groups with more favorable action may 
be found. There is as yet insufficient information available from which to so 
correlate chemical constitution and chemotherapeutic action as to rationalize 
research in this field. It still seems to be largely a matter of trial and error. 
The generally favorable effects reported so far for sulfone derivatives, including 
the tridiamido derivative of the present study, appear to be sufficiently en- 
couraging to extend the search for still better compounds of this type. It 
seems not improbable that better methods of administration or a change in 
chemical structure to effect better absorption and higher blood levels might 
yield better results. 

The technique adopted in this laboratory for testing the chemotherapeutic 
effectiveness of new drugs in experimental guinea pig tuberculosis is believed 
entirely adequate in exploratory work and, in our opinion, research in the 
chemotherapy of tuberculosis has not yet passed beyond the exploratory stage. 
The method is not too time-consuming. Intensive treatment with the drug 
at a level of maximum tolerance during the early phases of a heavy infection. 
may be expected to so retard the tuberculous process as to be readily appraised 
by gross examination, if the compound has any activity at all. It is only com- 
pounds of a high degree of activity, as determined by such preliminary tests, 
that need be subjected to more elaborate pharmacologic and chemotherapeutic 
testing prior to clinical trial. It is our opinion that such compounds have yet 


to be found. 


SUMMARY 


The chemotherapeutic effectiveness of two sulfones and three sulfonamides 
was examined in experimental tuberculosis in guinea pigs in comparison with 
4-4’-diaminodiphenylsulfone. The two sulfones, the tridiamido phosphoric 
acid derivative and promizole, showed a degree of retardation of the tuber- 
culous process comparable with diaminodiphenylsulfone. Promizole, however, 
was the more toxic of the two. Of the three sulfonamides, sulfabenamide was 
too toxic, irgamide gave little protection and irgafen showed a slightly favorable 
effect. 


SUMARIO 


En este trabajo estiidiase la eficacia quimioterapéutica de dos sulfonas y tres 
sulfonamidos en la tuberculosis experimental en el cobayo, comparAndolos con 
la 4-4’-diaminodifenilsulfona. Las dos sulfonas, el derivado del Acido tridiamido- 
fosférico y el promizol, obtuvieron un retardo del proceso tuberculoso comparado 
con el debido a la diaminodifenilsulfona, pero el promizol es el mas téxico de los 
dos. De los tres sulfonamidos la sulfabenamida resulté demasiado téxica, la 
irgamida suministré poca proteccién y el irgafén produjo efecto ligeramente 
favorable. 
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ANATOMICAL STUDIES ON HUMAN TUBERCULOSIS! 


XIX. Protracted Primary Tuberculosis in the Adult, with Some Observations on 
“‘Lymphoglandular-Endogenous Reinfection (Ghon)”’ 


KORNEL TERPLAN 


In this paper we wish to present the anatomical findings in 6 cases, which 
obviously differ from those of comparatively recent primary tuberculosis in the 
adult discussed in the preceding paper(1). In 5 of them the primary focus was in 
a healed state. The tuberculous process in the lymph nodes regional to the 
focus, however, was of less uniform structure. While some lymph nodes closest 
to the primary lesion were also in an obsolete state, there were other lymph nodes 
in orthograde direction with anatomically not completely healed tubercles and, 
in addition, with more recent-appearing tuberculous changes. No postprimary 
tuberculous lesions were present in the lungs which could have been interpreted 
as the result of exogenous superinfection or reinfection, causing the more recent 
tuberculous changes in the lymph nodes. It seemed asif the tuberculous proc- 
ess also found in such organs as the adrenals, or recent scattered hematogenous 
tubercles in the lungs, were pathogenetically linked to persistent active tu- 
berculous changes in the lymph nodes within the confines of or closely contig- 
uous to the original primary complex. As exogenous reinfection lesions were 
absent, we felt that pathogenetically these cases should be considered as primary 
infections, in spite of the fact that signs of activity had apparently disappeared 
not only in the primary focus but also in the nearby parenchyma and, to a large 
part, in the regional lymph nodes forming the complex. At least 4, but pos- 
sibly 5, of our cases represent a combination of healed, chronic and active tu- 
berculous lesions in bronchomediastinal lymph nodes regional to an obsolete 
primary focus, usually referred to as endogenous-lymphoglandular reinfection or 
exacerbation. It could also be defined as protracted lymphoglandular pro- 
gression. Only in one case included in this series (no. 4145) is this picture 
absent. Although the primary lesion or lesions were obscured, we have in- 
cluded this case in our series because the final anatomical picture suggested 
an older process in two subpleural lymph nodules. In this case it was, ap- 
parently, not lymphogenous exacerbation but progressive caseation of the spine, 
caused by the preceding primary infection, which had led to overwhelming mil- 
iary tuberculosis. The bronchomediastinal lymph nodes, however, showed 
most massive recent involvement, demonstrating once more that actively pro- 
gressing pulmonary lesions, regardless of their pathogenesis—primary or post- 
primary—are apt to lead to considerable lymphogenous spread which in turn 
might contiguously affect the bronchial tree. 

Before presenting the anatomical findings in some of our cases with changes 
usually interpreted as lymphogenous endogenous exacerbation or, preferably, as 
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protracted lymphoglandular progression, some reference should be made to the 
literature on this ‘‘endogenous-lymphogenous reinfection.”” The term “en- 
dogenous reinfection” was used first by Orth. According to Orth, it meant the 
manifestation of a new infection in a harborer of tuberculous lesions by the same 
tubercle bacilli which had infected the body originally. It is, therefore, in 
terms usually applied in general pathology, a recurrence. This term “‘endog- 
enous reinfection’ was amplified by Ghon (2) with the adjective “ymphoglandu- 
lar’ referring specifically to the type which is caused by a local reactivation and 
extension within lymph nodes, the site of older tuberculous lesions, while the 
primary focus appears completely healed. It will remain to the credit of Ghon 
and his pupils, Pototschnig, Kudlich and Schmiedl], that these combinations of 
obsolete older and more recent lesions in the bronchomediastinal lymph nodes 
became known to the student of tuberculosis. It is immaterial in our present 
discussion whether this reactivation of the tuberculous process followed a state 
of apparently long latency, as Ghon thought in his first publication on endogenous 
reinfection, or whether an exacerbation of the bronchomediastinal lymph node 
tuberculosis recurred in several phases. Ghon (3), in one of his subsequent 
publications on reinfection, leaned toward this latter view. In this paper in 
which 6 cases were analyzed, ranging from thirty-one to sixty-eight years, an 
exogenous source for the active lesions in the bronchomediastinal lymph nodes 
could be excluded with certainty by Ghon. Later, in collaboration with Kud- 
lich and Schmied] (4), the angulus lymph nodes from 100 cases of all age groups 
were systematically examined in serial sections. This material included many 
children and young adults. Ina great majority (84 per cent) of all cases studied, 
tuberculous lesions of various ages were found in the angulus lymph nodes. 
Ghon believed that in these cases a new endogenous infection of the lungs could 
be brought about by the propagation of the tuberculous process through the 
systemic veins. He expressed the view that such a gradual lympho-hematog- 
enous propagation might stay restricted to the lungs. 

Regardless of whether or not this conception of Ghon, in its pathogenetic 
relation to pulmonary tuberculosis, will be corroborated by further studies, it 
will remain his great merit that he first called attention to the frequency of 
chronic and active tuberculous lesions in bronchomediastinal lymph nodes re- 
gional to obsolete primary foci, thus pointing to a possible source for further 
hematogenous spread from reactivated or persistent tuberculous lesions in the 
lymph nodes of the old primary complex. Murano (11) claimed that inter- 
mittent bacillemia with a lymphoglandular focus as its source, usually limited 
to the lesser circulation, is the important factor in the pathogenesis of chronic 
miliary tuberculosis in the lungs in general. Wallgren (12), however, stated 
that lymphoglandular exacerbation in the primary complex may occur as well 
from endogenous as, possibly, also from exogenous sources. 

The findings of Ghon and his pupils on ‘‘endogenous reinfection” in the bron- 
chomediastinal lymph nodes were confirmed by others. Anders (5) found 
postmortem in 35 per cent of 1,500 cases over forty-five years of age recent 
tuberculous lesions in the bronchomediastinal lymph nodes. He felt that 
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isolated organ tuberculosis and miliary tuberculosis are late manifestations 
of the primary infection. On the other hand, he advocated the hypothesis that 
true exogenous reinfection may exert a stimulating effect upon quiescent tu- 
berculosis in the lymph nodes of the old primary complex, leading to endogenous 
exacerbation. (On the basis of our own studies on reinfection, we cannot agree 
with this latter view of Anders.) Schuermann (6), in his systematic studies on 
tuberculosis in adults, found 46 cases between forty-one and eighty-five years of 
age with lymphoglandular exacerbation, meaning stony tuberculous lesions 
combined with tuberculous hyperplasia. This number represents 5.38 per cent 
of all his cases with a typical primary complex. He cautioned, however, against 
interpreting such lesions as a proved source for further hematogenous spread. 
As against 20 cases without hematogenous metastases, Schuermann found only 
2 in which hematogenous lesions had apparently followed lymphoglandular 
exacerbation. The average age at which Schuermann noticed endogenous 
exacerbation in lymph nodes was fifty-three. 

Kalbfleisch (7), in a study of tuberculosis in old age, found changes of endog- 
enous exacerbation in the bronchomediastinal lymph nodes in 31.5 per cent of 
his material. In not a single case, however, had this exacerbation caused he- 
matogenous metastases. Kalbfleisch concluded from his own study that en- 
dogenous lymphoglandular exacerbation is harmless in the older age groups. 
More recently, Staemmler and Otto (8) made the pathogenetic significance of 
endogenous reactivation of the primary complex the subject of a study in 97 
cases. There was neither gross nor microscopic evidence of active pulmonary 
tuberculosis in this material. In not a single instance was there any finding 
pointing to reactivation of the primary focus proper. Active tuberculous 
changes in hilar lymph nodes were observed in 19 per cent. One-third of these 
19 per cent were from age groups above fifty. According to Staemmler and Otto 
the active tuberculous changes in lymph nodes have a tendency to heal. Al- 
though it is admitted that they remain a potent source for hematogenous dis- 
semination, such a spread had not occurred in their 97 cases. 

That active tuberculous lesions in the bronchomediastinal lymph nodes re- 
gional to a primary focus—and this applies also to mesenteric and celiac lymph 
nodes regional to primary intestinal tuberculosis—can furnish the direct source 
for hematogenous tuberculosis, no one will deny. Such lesions, either slowly 
progressing or possibly reactivated under unfavorable dispositional changes—as 
seen following nontuberculous pulmonary infections like measles or grippous 
inflammations—appear of great importance in the pathogenesis of miliary 
dissemination in various organs, or sometimes of tuberculous meningitis alone. 
Aschoff (9), in discussing Ghon’s paper on tuberculous reinfection in man, 
confirmed the findings of Ghon, especially in regard to endogenous-lymphoge- 
nous reinfection in the puberty age. At the same time, however, he called at- 
tention to the fact that in cases with obviously hematogenous tuberculosis of 
various organs, especially of adrenals, kidneys, testicles or the skeleton, the 
lungs usually are not involved. In our paper on tuberculosis in children (10), we 
have briefly mentioned 3 instances in which endogenous-lymphogenous exacer- 
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bation seemed to culminate in tuberculous meningitis without leading to general- 
ized miliary tuberculosis. 

The relationship of endogenous-lymphogenous progression or exacerbation to 
hematogenous tuberculosis in general is well established by many postmortem 
observations, especially in childhood. The paramount question, however, is 
whether or not this endogenous-lymphogenous “‘reinfection” is of pathogenetic 
importance for the development of pulmonary tuberculosis or phthisis, of the 
so-called “reinfection type” in the adult in particular. Only with this specific 
point in mind I have restudied the material on endogenous reinfection, reported 
by Ghon and his pupils. In the first paper (Ghon and Pototschnig (2)) en- 
titled Uber den primdren tuberkulésen Lungenherd beim Erwachsenen nach ini- 
tialer Kindheitsinfektion und nach initialer Spdtinktion und seine Beziehungen zur 
endogenen Reinfektion, there is no instance included in which the tuberculous 
process in the mediastinal lymph nodes was associated with recent progressive 
tuberculosis in the lungs. One case (no. 5) showed a few minute hematogenous 
tubercles in both upper lobes, spleen, liver and kidneys. In this case as well as 
in the protocol of several others, it is expressly stated that the apices were free. 
The tuberculous process which was found in a reactivated state in the lymph 
nodes—after an apparently long latency—had, apart from a few minute he- 
matogenous tubercles, remained restricted to the bronchomediastinal nodes. In 
a second paper (Ghon and Kudlich (8)) entitled Zur Reinfektion bei der men- 
schlichen Tuberkulose, 6 cases were reported with lymphoglandular-endogenous 
reinfection in bronchomediastinal lymph nodes regional to an obsolete primary 
focus. Their ages were twenty-six, thirty-one, fifty-two, sixty, sixty-one and 
sixty-eight years. Only in one of them was there a single interstitial tubercle of 
microscopic size found in each apex, consisting of epithelioid and giant cells with 
round cells, but without caseation. In the lymph nodes of all these 6 cases there 
were calcified lesions, numerous hyaline tubercles and, in close relation to these, 
recent tubercles. An exogenous source for these active tuberculous lymph node 
lesions could be definitely ruled out by Ghon. The lungs were carefully exam- 
ined and, except for the recent microscopic tubercle in each apex of one case, 
there were no tuberculous lesions in the lungs apart from the old focus. It is 
in this paper in which Ghon expressed the opinion that the microscopic tu- 
bercles in the apex of each upper lobe might have initiated a further spread of 
tuberculosis in the lungs. 

The entire material presented in both papers referred to proves the presence 
of old and more recent tuberculous lesions within the lymph nodes. It is re- 
markable that in some of these cases in which most of the bronchomediastinal 
lymph nodes showed even grossly tuberculous hyperplasia there was no evidence 
of hematogenous dissemination. 

In another paper (Ghon, Kudlich and Schmiedl (4)) entitled Die Verdnde- 
rungen der Lymphknoten in den Venenwikeln bei Tuberkulose and thre Bedeutung: 
Kine Studie zur Frage der Reinfektion, the angulus lymph nodes in 100 cases were 
studied after serial sectioning. Many of these cases were children and young 
adults, representing the age groups in which pulmonary tuberculosis is most 
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commonly observed. There were 45 cases of childhood and prepuberty age and 
37 cases from fifteen to forty years of age; the remaining 18 cases were between 
forty-one and seventy years. 

In no instance had definite proof been presented that the pulmonary tubercu- 
losis was caused by lympho-hematogenous “reinfection.”” In many cases the 
pathogenesis of the pulmonary lesions seemed clearly linked with exogenous 
Superinfection or reinfection. In 4 out of 10 cases specifically tabulated, the 
possibility of endogenous reinfection is discussed, although it is frankly stated 
that exogenous superinfection or reinfection could just as well be responsible for 
the tuberculous pulmonary lesions. In discussing one of these 4 cases (no. 68) 
Ghon e¢ al. admit that the tuberculosis in the lymph nodes of the left venous 
angle might be secondary to an exogenous reinfection. There are also cases 
included in this study in which, in the presence of a typical calcified complex 
with chronic fibrocaseated pulmonary tuberculosis and tuberculous lesions in the 
regional lymph nodes, the angulus lymph nodes were definitely free of 
tuberculosis. 

It appears, then, since in no case out of the material reported by Ghon and his 
pupils, a progressive “endogenous reinfection tuberculosis of the lungs’’ has been 
proved beyond any doubt, that the practical importance of endogenous-lymphog- 
enous exacerbation in its pathogenetic relation to pulmonary tuberculosis is 
of no great significance. Ghon, Kudlich and Schmiedl consider as the most 
important result of their extensive study that in the great majority of cases of 
pulmonary tuberculosis of various age groups, including childhood, puberty and 
adult life, tuberculous lesions of various structural age have been found in the 
lymph nodes of the venous angles. Although Ghon seemed to believe that in 
these cases a new progressive infection of the lungs can be brought about from 
the propagation of the tuberculous process through the jugular veins, the ma- 
terial presented in his papers on endogenous reinfection has not furnished an 
unequivocal proof for this view. The value of these studies, however, remains 
great regardless of their interpretation. No systematic morphological studies of 
the angulus lymph nodes had been undertaken by anyone before, and their 
common involvement in various forms of pulmonary tuberculosis has become, 
on the basis of Ghon’s studies, an established fact. In the light of morphological 
research in the last fifteen years, continued on the solid foundation laid by the 
careful, methodical work of Ghon, it might be added that his studies on lym- 
phoglandular-endogenous reinfection are perhaps of greater value in pointing 
—at least in the large majority of his observations—to the absence of progressive 
pulmonary tuberculosis in relation to the primary complex rather than in proving 
such a pathogenetic correlation. 

Our own anatomical observations are listed in table 1. A few of these will be 


discussed in some detail. 


Case 1: (B. G. H. 5283) seventeen year old colored female. Cause of death: uremia 


from subacute glomerulonephritis. 
The following tuberculous changes were incidentally found postmortem: There was 4 
firmly hyalinized tubercle, about pea-sized, in the lower half of the left lower lobe, sur- 
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TABLE 1 


Anatomical findings in 6 cases of protracted primary tuberculosis in adults including lymphoglandular—endogenous reinfection 


CASE 
NUMBER 


AGE, RACE, 
SEX 


PRIMARY COMPLEX 


EXTENSION IN THE 
LUNGS 


HEMATOGENOUS SPREAD 


SPECIAL REMARKS 


5283 


4878 


2951 


3526 


5450 


4145 


17, Colored 
F 


33, Colored 
F 


63, White 
M 


35, White 
F 


75, White 
M 


40, Colored 
F 


Primary focus, pea-sized, firmly hyalinized; lower 
part left lower, with several satellite scars. Re- 
cent cavitation of one regional upper tracheo- 
bronchial lymph node, combined with hyaline 
tubercles 


Firm stony complex with two minute foci; lower 
lateral part right upper, with perifocal fibrosis. 
Firm calcification in regional bronchopulmo- 
nary and part of one upper tracheobronchial 
lymph node with massive exacerbation in re- 
mainder of this node, anterior mediastinal and 
left angulus lymph nodes 


Few fibrocalcified tubercles; subapical left upper, 
with perifocal scarring. Small calcified tubercle 
in one regional upper tracheobronchial lymph 
node and massive exacerbation with large cavi- 
ties in left paratracheal and left angulus lymph 
nodes 

Several calcified complexes: three calcified foci 
(about 2 mm.); base left lower, hilar level, left 
upper. Firm calcification of left bronchopul- 
monary, lower and upper tracheobronchial 
lymph nodes, crossing over to some right bron- 
chopulmonary and right paratracheal nodes. 
More chalky and fibrocaseous lesions in anterior 
mediastinal nodes 


Fibrous chalky-calcified complex, primary focus 
left lower. Chalky-calcified changes restricted 
to left bronchopulmonary and lower tracheo- 
bronchial lymph nodes. Massive exacerbation 
with recent caseation in lower and upper tracheo- 
bronchial lymph nodes extending into the ve- 
nous angle nodes 


Primary foci obscured; two chalky subpleural 
lymph nodules; interlobar surface, hilar level 
left upper and left lower. Small hyaline con- 
glomerate tubercles in a regional left broncho- 
pulmonary lymph node 


A few small recent as- 
piration tubercles in 
right middle, left up- 
per and left lower 


No intrabronchial 


spread 


No intrabronchial 
spread 


No intrabronchial ex- 
tension 


Single, old localized 
fibrous-chalky focal 


extension in left 
lower. No recent 
intrabronchial 
spread 


No intrabronchial 
spread 


A few lentil-sized tubercles in the spleen 


Massive miliary spread in spleen, liver, lepto- 
meninges with cortical tubercles. A few scat- 
tered pinhead to pea-sized tubercles in both 
lungs 


Massive miliary tuberculosis in liver, spleen and 
kidneys. Scattered hematogenous tubercles in 
both lungs 


Complete caseous destruction of adrenal glands. 
Rare small fibrocaseous tubercles in liver, kid- 
neys and spleen 


Massive caseated tuberculous pleuritis; right 
lung, with marked lymphogenous progression 
from this side. Generalized miliary spread in 
lungs, spleen, kidneys, adrenals, peritoneum 
and meninges 


Massive caseation of seventh and eighth dorsal 
vertebra. Overwhelming miliary tuberculosis 
in all lobes. Massive tuberculous hyperplasia 
with moderate caseation of all bronchomedias- 
tinal lymph nodes. Dense miliary tuberculo- 
sis in liver, spleen, kidneys. Miliary tubercles 


in thyroid, bladder, myocardium 


Lymphoglandular _exacerba- 
tion with direct rupture into 
the major bronchus (inci- 
dental finding). Cause of 
death: uremia from chronic 
glomerulonephritis 


Lymphogenous spread in peri- 


pancreatic and _ periportal 
lymph nodes. Gastro-in- 
testinal tract, mesenteric 


nodes negative 


Considerable lymphogenous 
spread in periportal, peri- 
pancreatic and _ periaortic 
lymph nodes 


Lymphogenous progression to 
peripancreatic and _ peripor- 
tal lymph nodes. Cause of 
death: Addison’s disease 


No apical or subapical lesions 
except for recent miliary tu- 
bercles. Tuberculous hyper- 
plasia of peripancreatic and 
periaortic lymph nodes 


Intestinal tract free. Head not 
dissected; clinically typical 
meningitic symptoms 
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rounded by irregular hyalinized scars in the lung tissue. There was no calcification in 
this lesion. The X-ray picture showed a few minute chalky deposits in a tracheobron- 
chial lymph node filling out the upper tracheobronchial angle. This node had the size 
of a large date. In its periphery there were a few fibrous-hyalinized confluent tubercles. 
The centre, however, contained soft, pus-like caseated material. The attached bronchial 
wall was distinctly bulging toward the lumen. Grossly, a perforation could not be no- 
ticed. There was, however, the typical finding of early aspiration tuberculosis with a few 
recent, nearly cherry-sized bronchial tubercles in the right middle lobe and a few smaller 
acinous tubercles in the lower part of the left upper lobe and in its apex. 

The histological analysis of the fibrous focus, its surrounding structures, of the bron- 
chomediastinal lymph nodes and the tuberculous lesions from the left and right lung gave 
a clear picture (plate 1): The fibrous lesion in the left lower lobe (B) was a scar, irregularly 
defined, with considerable retraction of the pleura and complete fibrous organization of a 
small branch of a pulmonary artery attached to the scar. Histological serial sections 
through the date-sized lymph node closely attached to the obtuse upper tracheobronchial 
angle revealed distinct perforation of the bronchial wall (A). The cortex of this node, its 
capsule and the perihilar tissue were in part hyalinized. The bulk of the tuberculous 
lymph node tissue, however, showed recent caseation and liquefaction necrosis. The 
massive perforation as seen in photograph “A” had been missed at gross inspection. 

The few tubercles found in the left upper and in the right middle lobe showed the typical 
histological picture of tuberculous bronchitis and peribronchitic pneumonia with con- 
siderable recent caseation, most marked in the right middle lobe. The perforation 
through the bronchus was present only in a few sections of a series cut through the date- 
sized lymph node and the attached bronchial wall. 


Epicrisis: In our anatomical material on tuberculous findings, this is a rather 
unusual experience. Fibrous obliteration of a primary pulmonary focus without 
traces of calcification is still the exception. Histological analysis of the area 
surrounding the scar showed a few nodular hyalinized lesions in which most of 
the blood vessels appeared well preserved in the elastic tissue stain. Scattered 
hyalinization surrounding a few emphysematous areas was present in a close 
radius around the hyaline focus. The patient was observed in the hospital 
for only seven days previous to death. While she showed all the symptoms of 
progressive renal failure, with uremia, there was coarse wheezing all over the 
chest at inspiration and expiration, and increased fremitus about the anterior 
right chest. The roentgen photograph showed partial obliteration of the 
costo-diaphragmatic angle on the left side and the hilar shadow was distinctly 
enlarged. One-half year previous to death the X-ray picture had been negative. 
Relative to tuberculosis, it was learned from the chart that the patient had 
been seen occasionally—during the last six months—in the eye clinic of the out- 
patient department, where she was treated for phlyctenular kerato-conjuncti- 
vitis of possibly tuberculous nature. Following a tuberculin test (Mantoux) 
five months previous to death, which was strongly positive, the phlyctenular 
kerato-conjunctivitis appeared much more marked (reactivated) than when 
first observed, pointing to considerable tuberculin hypersensitivity. Hema- 
togenous spread in this case was restricted to a rare lentil-sized, completely 
caseated tubercle in the spleen. 
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We feel, then, that this case represents a clear example of lymphoglandular 
exacerbation in the presence of an entirely healed primary lesion in the pul- 
monary parenchyma. The unusual complication is that this exacerbation hac 
involved the lymph node capsule, leading to perforation of the contiguous bron- 
chial tube, with recent scattered intrabronchial spread. Gross and histological 
analysis of the few tubercles found in the left upper and right middle lobe pointed 
to a bronchial rather than to a hematogenous source. Among the factors 
responsible for this acute exacerbation in the tracheobronchial lymph nodes 
causing diffuse liquefaction necrosis, a focal hypersensitivity reaction to the 
administration of tuberculin should be considered. Not only did an X-ray 
photograph taken at a time shortly preceding the tuberculin testing give an 
entirely normal picture of the lungs and the mediastinum, but also the con- 
siderable focal reactivation of the phlyctenular kerato-conjunctivitis, observed 
together with the strongly positive Mantoux test, would favor such an 


assumption.” 


Case 2: (B. G. H. 4878) Thirty-three year old colored female. Cause of death: mil- 
iary tuberculosis, tuberculous meningitis. Only a condensed anatomical-histological 
report will be given. 

There were two minute, firmly calcified, in part slightly ossified tubercles in the lower 
lateral part of the right upper lobe, with the nearby parenchyma distinctly fibrotic, 
especially around several bronchi. There were a few firmly encased stones in the regional 
bronchopulmonary and in one upper tracheobronchial lymph node, and a small sub- 
pleural calcified nodule at the level of the parenchymatous foci. In one of the upper 
tracheobronchial lymph nodes containing small calcified splinters there was, in addition, 
irregular hyalinization along with diffuse tuberculous hyperplasia, suggesting grossly 
so-called “endogenous exacerbation.”’ In other nodes of this group and in the anterior 
mediastinal lymph nodes and the nodes of the left venous angle there was diffuse hyalin- 
ization with confluent caseated conglomerate tubercles. Scattered over both lungs 
there were pinhead to lentil-sized soft tubercles in small numbers. The apices were 
not involved. The histological picture of the pulmonary tubercles was uniformly the 
same, showing tuberculous lesions of the miliary pattern, hardly involving more than an 
alveolus and the surrounding stroma. Some of them, however, were larger, occasionally 
including a bronchiolus. In the smaller nodules there was central caseation. In con- 
trast to these relatively few scattered tubercles in the lungs, there was massive hematog- 
enous involvement of the spleen, with a tuberculous splenic tumor (weight 980 g.), 
and marked hematogenous tuberculosis of the liver with nodular bile duct tubercles. 
Peripancreatic and periportal lymph nodes showed extensive tuberculous hyperplasia. 
There were scattered tubercles in both adrenals and in the kidney, and massive tuber- 
culous meningitis with a few large meningeal and small cortical tuberculomata. 

It was our impression, on gross examination, that we were dealing with protracted 
hematogenous tuberculosis originating in the lymphoglandular component of the primary 
complex. The primary parenchymatous lesions were entirely obsolete, while some of 
the regional lymph nodes showed a combination of older and more recent structural 
changes described as “lymphoglandular exacerbation.’ (All bronchomediastinal lymph 


2 It should be mentioned that the association of uremia with changes of lymphogenous 
endogenous exacerbation has been incidentally observed in 5 out of 29 cases in Schuer- 
mann’s material (6). 
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nodes, the obsolete tuberculous lesions in the right upper lobe, the recent tubercles from 
left and right lung and the lymph nodes in the venous angles were examined completely.) 

Plate 2 (B) shows the hyalinized and calcified remnants of a locally spreading primary 
lesion; also, to the right, one recent tubercle, apparently blood-borne. ‘‘C” shows a 
calcified tubercle in a right bronchopulmonary lymph node, along with a minute hyalin- 
ized tubercle. Picture “A” shows a right upper tracheobronchial lymph node with 
some fibrous-chalky changes; to the right, part of the chalky material (most of it had 
fallen out in the process of cutting) with contiguous hyalinization and fibrosis; in the 
remainder, recent conglomerated epithelioid cell tubercles. In other parts of this node 
there were a small calcified splinter and smaller fibrous tubercles. 

In the scattered, recent tubercles within the pulmonary parenchyma the tendency to 
fibrous organization was very marked. Only in a few of them was there still central 
caseation. The pulmonary tissue surrounding the endobronchial tubercles did not show 
any further spread. The hematogenous spread in the lung was minimal in comparison 
with the massive tuberculosis of spleen, liver and brain. On the X-ray film of the lungs, 
taken postmortem, the former was not noticeable at all. There were no signs of endo- 
bronchial progression from these small, obviously hematogenous tubercles. The lymph 
nodes draining the left upper lobe were entirely negative, although there were scattered 
hematogenous tubercles in the lobes of the left lung. 


The interpretation of the diffuse caseated tuberculous lesions in the lymph 
nodes of the left venous angle is complicated by the considerable lymphogenous 
tuberculosis of the peripancreatic and periportal lymph nodes. There was 
gross evidence that the tuberculosis of these nodes had extended to several retro- 
mediastinal lymph nodes, including the entirely caseated node in the left pulmo- 
nary ligament, while the left lower tracheobronchial lymph nodes contained only 
a few epithelioid cell tubercles. Apart, then, from the typical lymphoglandular 
exacerbation in the left upper tracheobronchial lymph nodes there was an addi- 
tional source in the retromediastinal lymph node chain for the recent tuberculous 
lesions in the lymph node of the left venous angle. The few epithelioid cell 
tubercles in the left lower tracheobronchial lymph nodes were secondary either 
to the recent tuberculous lesions in the lymph node of the left pulmonary lig- 
ament or to the active tubercles in the left upper tracheobronchial lymph nodes, 
the site of the ‘“exacerbation.”’ The clinical history further tends to complicate 
any clear pathogenetic analysis in so far as two years previous to death the 
cervical lymph nodes were enlarged, although at postmortem no gross tubercu- 
losis was seen in these nodes (they were not examined histologically). The 
gastro-intestinal tract and all mesenteric lymph nodes were free of tuberculosis. 
In another respect, the gross and histological findings are noteworthy in this 
case. The remnants of the primary infection point to a distinct focal extension 
close to the two obsolete calcified primary tubercles. 

The culture taken from the caseated tubercles in the spleen yielded an a- 
bundant growth of tubercle bacilli of the human strain. 

The patient was admitted twenty-four days previous to death. Chest X-ray 
was negative. The main symptoms were of neurologic nature, pointing to 
tuberculous meningitis. 
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Case 3: Another example of clearly endogenous lymphoglandular exacerbation is pre- 
sented by the following case (B. G. H. 2951), « sixty-three year old white male. Cause 
of death: miliary tuberculosis. 

The pertinent anatomical findings follow: There were two small stony tubercles in- 
cluded in hyaline scar tissue in the upper third of the left upper lobe. In one left upper 
tracheobronchial lymph node there was localized calcification. The contiguous left 
paratracheal lymph node and the lymph nodes of the left venous angle showed older 
firm caseation combined with cavity formation. One of the lymph nodes in the left 
venous angle was almost entirely replaced by a cavity nearly 1 cm. in diameter. The 
right lung was free. The gross findings were interpreted as endogenous exacerbation in 
the lymph nodes regional to an obviously healed primary fibrous-calcified tuberculous 
infiltration in the upper third of the left upper lobe. 

The histological examination of the fibrotic lesions in the left upper lobe revealed small 
calcified splinters within hyaline scar tissue. There was no active tuberculosis in and 
around these scars. There were, however, a few small nontuberculous bronchiectatic 
cavities included in the scar tissue. The hematogenous tuberculosis was very marked in 
spleen, liver and kidneys, while in both lungs there were only a few scattered miliary 
tubercles which, in the histological picture, showed a typical structure of recent miliary 
caseated tubercles involving a few alveoli. The histological picture of the left angulus 
lymph nodes was that of diffuse caseation with central disintegration, with hyaline changes 
in part of the capsule. 


There was no history of a tuberculous infection at any time. The patient, 
a sixty-three year old white male, suffered from heart trouble and chronic 
arthritis for one year previous to admission. He was seen in the hospital only 
for a few days before he died. Some physical findings were suggestive of mil- 
iary tuberculosis. 


Case 4: (B. G. H. 3526) A thirty-five year old white male. The gross and histological 
findings and the X-ray photograph of the lung appeared rather clear in designating this 
case as one of lymphogenous exacerbation or protracted lymphogenous progression. 
There were three minute calcified tubercles, one in the lower lateral area of the left lower 
lobe and two similar lesions in the midportion of the left upper lobe. All regional lymph 
nodes, including the left lower and upper tracheobronchial and the anterior mediastinal 
groups, and, in addition, the right paratracheal and a few right bronchopulmonary nodes 
in the hilum showed very firm calcified and calcified-chalky changes. In the anterior 
mediastinal lymph nodes, however, the tuberculous process was in part still in a fibro- 
caseous state. Both adrenal glands were completely destroyed by caseation. There 
were a few rare fibrocaseous tubercles in liver, kidneys and spleen. Periportal and peri- 
pancreatic lymph nodes showed considerable chalky and fibrocaseous tuberculosis. 


This case was interpreted as a primary pulmonary tuberculosis with a few 
entirely calcified primary tubercles in the left lung and with chalky, fibroca- 
seous lymphoglandular progression or exacerbation in the regional anterior 
mediastinal group, leading to massive tuberculosis of the adrenal glands and but 
minimal hematogenous tubercles in liver, spleen and kidneys. There was 
neither intrabronchial progression nor were there hematogenous tubercles in the 
lungs. The intestinal tract was free. 
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Only the following clinical data were available: The patient was well until 
twelve days previous to admission. His skin had been bronzed for some time. 
He was hospitalized with the fully developed clinical picture of Addison’s disease 
and died on the following day. 


In our next case the anatomical findings are too extensive and complicated 
to permit an unequivocal analysis as to the sources for lymphoglandular exacer- 
bation. We have included this case for the following reason: It represents a 
relatively late primary infection combined with obviously protracted hematog- 
enous tuberculosis of the lung. 


Case 5: (B. G. H. 5450) Seventy-five year old white male. Cause of death: miliary 
tuberculosis. (Plates 3 and 4) 

There is a peculiarly shaped, apparently fragmented, chalky-calcified primary focus 
about the size of a hazelnut in the basal portion of the left lower lobe near its posterior 
surface, with distinct chalky-calcified deposits in the lymph nodes of the left pulmonary 
ligament, of the left bronchopulmonary group at the hilum, and in the lower tracheo- 
bronchial nodes. A well encapsulated focus of soft consistency, measuring 1 x 0.6 cm., 
was found 1 cm. medial to the primary lesion. It contained almost liquid, creamy, 
caseous material. There were no adhesions around the left lung. In the right pleural 
cavity there was about 500 cc. of slightly hemorrhagic exudate. The middle lobe was 
firmly adherent to the pericardial sac and to the upper and lower lobes, the costal surfaces 
of which were for the most part adherent to the parietal pleura. Distinct tuberculous 
granulations were grossly noticed on the base of the right lower lobe and on the parietal 
pleura where the pleural space was not obliterated. All lymph nodes in the right 
pulmonary ligament showed grossly marked tuberculous hyperplasia. Thesesame changes 
were seen in the lower tracheobronchial lymph nodes, which were about plum-sized, with 
the small chalky-calcified lesions, mentioned above, clearly noticeable on the cut surface. 
Massive tuberculous hyperplasia was present also in both upper tracheobronchial and 
paratracheal and in the anterior mediastinal lymph nodes. The lymph nodes in each 
venous angle showed marked hyperplasia with fairly diffuse caseation. 

The entire right lung was cut in numerous gross serial sections. No subpleural focal 
lesion was found anywhere, but only the typical picture of miliary tuberculosis. The 
distribution of miliary tubercles was much more dense in both lobes of the left lung than 
in the right. 

There was massive hematogenous tuberculosis of the spleen, with considerable en- 
largement (weight, 700 g.), scattered miliary and conglomerate tubercles in kidneys and 
adrenals and extensive tuberculous peritonitis with very dense dissemination of tubercles 
all over the visceral and parietal peritoneum. Except for one single lentil-sized ulcer in 
the lowest part of the ileum, the gastro-intestinal tract was free. In the mesenteric lymph 
nodes there were a few miliary tubercles. Scattered pinhead-sized meningeal tubercles 
were seen on the convexity of the brain, but no parenchymatous tubercles in the brain 
substance. / 

Our impression on gross examination, to some extent influenced by the X-ray photo- 
graph of the postmortem specimen, was that the soft focus found close to an apparently 
old primary lesion was a relatively recent focus of true reinfection, from which considerable 
lymphogenous extension had led to miliary tuberculosis and tuberculous pleuritis. It 
was evident from both the gross inspection and the X-ray photograph that there were no 
older apical or subapical lesions. The calcified deposits in the primary focus and in some 
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of the regional lymph nodes were the only changes pointing to an old primary complex. 
In fact, we leaned somewhat to interpret the fragmented appearance of closely agglom- 
erated calcified tubercles as a very old primary- lesion with considerable resorption of 
the calcified matter by bone marrow. 

A complete histological examination of the primary lesion and the nearby “reinfection” 
focus, along with several sections from both lungs and all groups of the bronchome- 
diastinal chain yielded some surprises. The primary focus, part of which is shown on 
plate 3 (B), differed considerably from the usual picture of a primary lesion. It consists of 
several chalky-hyalinized and only slightly calcified tubercles within small bronchi, 
extending to the peribronchial tissue. These are in more or less close agglomeration but 
not completely fused together. There is some fibrosis and both atelectatic tissue and air- 
containing parenchyma between the individual hyaline and chalky tubercles. Within 
the air-containing lung tissue, separating the chalky tubercles in the periphery from the 
larger central focus, there are a few recent miliary tubercles (part of the generalized recent 
miliary seeding). Only serial sectioning through the entire area of the primary focus 
revealed that it was composed of several hyalinized-chalky tubercles. The largest of 
these had formed within and around a bronchus and had caused considerable fibrosis 
within the interlobular septal tissue along the course of an arterial branch. Between 
this area and the parietal pleura there was atelectasis. A closer examination of the 
X-ray photograph demonstrating the primary lesion shows that it consists of multiple 
tubercles forming a rather loose cluster. (Plate 3, A) 

In all lymph nodes of the left pulmonary ligament, the left bronchopulmonary and the 
left lower tracheobronchial group, in which calcified or chalky foci were disclosed by the 
X-ray photograph and by gross dissection, it was found that most of these were chalky- 
fibrous conglomerate tubercles but that a few of them contained small central stones. 
The histological structure of these older tubercles in the lymph nodes is very similar to the 
larger tubercles composing the primary focus. Plate 4 B shows a low power view of one of 
these lymph nodes from the bronchopulmonary group at the hilum of the left lower lobe. 
In addition, most of these lymph nodes show extensive recent tuberculosis with confluent 
epithelioid giant cell tubercles and slight caseation. The distinction between old and new 
tubercles is very clear. 

A section through the soft creamy focus (plate 4, A), which was not noticeable on the 
X-ray film, shows a large tuberculous lesion within a bronchus. Most of the bronchial 
wall is hyalinized, but in a small portion of the circumference ciliating epithelium is still 
preserved. The bronchial lumen is filled with caseated and slightly chalky matter con- 
taining lipoid debris with cholesterol crystals. 

Although it was felt originally that this lesion was a reinfection focus, the histological 
comparison between the primary lesion and this soft focus makes it more probable that 
we are dealing with either a restricted superinfection or with focal extension from one of 
the chalky-fibrous foci forming the primary lesion. The pulmonary parenchyma sur- 
rounding this soft secondary focus shows some hyalinization near its capsule. 

Sections from various parts of the left lung show the typical picture of miliary tuber- 
culosis with the tubercles very closely arranged, some of them involving small bronchioli. 
There is distinct alveolar emphysema between some of the tubercles. The sections taken 
through the left upper tracheobronchial, anterior mediastinal, paratracheal and angulus 
lymph nodes show unusually massive, diffuse caseation and moderate hyalinization, es- 
pecially near the capsule. These changes are of fairly uniform character in all these 
lymph node groups. In none of these are there old chalky-fibrous tubercles, such as 
were found in the lymph nodes at the hilum of the left lung and in the lower tracheo- 
bronchial group. Plate 4, C shows a section through one of the left angulus lymph nodes. 
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Sections taken from various parts of the right lung, including a large number through 
the tuberculous pleura and the contiguous pulmonary tissue, show the typical picture of 
chronic caseated tuberculous pleuritis with large conglomerate tubercles and very active 
tuberculous granulations. The dissemination of miliary tubercles in the pulmonary 
tissue is, in general, much less marked than in the left lung. The miliary tubercles appear 
more dense and conglomerated only in some sections, encroaching upon smaller bronchi, 
with recent tubercles in their mucosa. Much of the fibrinous tuberculous exudate on the 
surface is in process of organization. 

Sections taken through the bronchomediastinal lymph nodes on the right side, in- 
cluding the right pulmonary ligament, lower and upper tracheobronchial, paratracheal 
and anterior mediastinal group, show extensive caseation, with epithelioid cell tubercles 
and slight hyalinization, again closer to the cortex. There are no chalky or firm fibrous 
tubercles. 


Epicrisis: The histological analysis showed a much more complicated picture 
than was expected from the gross and X-ray findings. The primary focus 
consisted of multiple small firmly hyalinized-chalky bronchial and peribronchial 
tubercles and a few satellite tubercles with similar regressive changes, all in 
an area of about 1.5 cm. in diameter, pointing to a localized focal intrabronchial 
extension at the time of the first infection. Alli the regional lymph nodes at 
the hilum of the left lung showed about the same degree of regressive changes 
with comparatively little calcification. In spite of formation of a few small 
stones within these chalky-caseated tubercles, the entire picture was decidedly 
different from an old obsolete complex. It is suggestive of a relatively late 
primary infection. The generalized miliary tuberculosis is apparently in con- 
nection with the massive caseation found in both upper tracheobronchial, 
paratracheal and mediastinal groups, extending on the left side clearly into the 
lymph nodes of the venous angle. Whether or not it was preceded by the tuber- 
culous pleuritis around the right lung cannot be decided with certainty. The 
tuberculous pleuritis as well as lymphogenous exacerbation and progression in 
the various groups forming the primary complex could have participated in this 
final picture of massive lymphogenous spread with miliary tuberculosis. It 
seems as if the extensive tuberculous pleuritis within the right pleural cavity 
had preceded the massive hematogenous seeding in both lungs, as there was no 
tuberculous pleural involvement around the left lung. 

The patient’s chart gave the following information: He had suffered from 
anemia for the last year. Twenty days previous to death, when he was ad- 
mitted to the hospital, he complained of dyspnea, fatigue and generalized weak- 
ness. Physical and roentgenological examination revealed fluid in the right 
pleural cavity; the lower two-thirds of the right lung were obscured by a dense 
shadow. There were some moist rales over both lungs but especially on the right 
side. The hilar shadows were very dense. The roentgenological appearance of 
the left lung and of the upper portion of the right lung suggested miliary tu- 
berculosis. 


Case 6: (B. G. H. 4145) Forty year old colored female. Cause of death: tuberculous 
caries of the seventh and eigth dorsal vertebral bodies, with paravertebral abscesses and 
overwhelming miliary tuberculosis. (Plate 5) 
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This is a case of overwhelming miliary tuberculosis with unusually dense seeding 
throughout both lungs and with densely seeded miliary tubercles in the liver, spleen, 
kidneys and scattered miliary tubercles in the myocardium, the thyroid, the urinary 
bladder and a few pinhead-sized tubercles in the mucosa of the jejunum. The immediate 
source for this massive blood-stream infection was tuberculous caries of the seventh and 
eighth dorsal vertebral bodies, mostly within their ventral portions. Typical tuberculous 
paravertebral abscesses had formed at both sides of the spinal column, bulging toward tiie 
pleural cavities. The abscess on the right measured 3 x 3 em., on the left 4 x 4 em.; their 
sagittal diameter varied between 0.5 and 1cem. Their content was frank pus containing 
an exorbitant number of tubercle bacilli. 

The only remnants of a primary tuberculous infection were two chalky subpleural 
lymph nodules, one at the interlobar surface of the left lower lobe slightly below the level 
of the major bronchus, the other very slightly above this level in the midportion of the 
left upper lobe. There was, in addition, a firmly calcified lesion deep in the parenchyma 
in the midportion of the left upper lobe. There was no other trace of any chalky or cai- 
cified lesion, neither in the remainder of both lungs nor in any of the bronchomediastinal 
lymph nodes. Mesenteric lymph nodes were entirely negative. Between the mediasti- 
nal border of the left upper lobe and the parietal pleura there were a few thin fibrous 
band adhesions. There was some anthracotic induration of a few bronchopulmonary 
lymph nodes at the hilum of the left upper lobe. All tracheobronchial, paratracheal, 
anterior mediastinal and angulus lymph nodes on both sides showed unusually marked 
tuberculous hyperplasia; they were considerably enlarged, varying in size between that of 
a cherry and a small date. The lymph nodes in the bifurcation, in addition, were about 
hen-egg sized, causing moderate compression of the lumen of the right major bronchus. 


An attempt to explain the gross picture faced considerable difficulties. There 
was no primary complex in the usual sense of the word. The entire lung was 
fixed in formaldehyde and carefully sliced, but apart from dense miliary tuber- 
culosis there were no further findings, especially no recent reinfection lesions. The 
three chalky or calcified structures and portions from all bronchomediastinal 
lymph nodes with the closely attached parts of the trachea and bronchi were 
examined, along with various parts of the pulmonary parenchyma and all organs 
in which gross tuberculous changes were noticed. Plate 5 shows some of these 
lesions. The firmly calcified structure in the midportion of the left upper lobe 
proved to be a typical calcified phlebolith with early bone formation (A). The 
unusually dense miliary tuberculosis with collateral inflammatory edema in the 
intervening alveoli is clearly noticeable in this picture. ‘B” shows one of the 
chalky subpleural lymph nodules which appeared well encapsulated by a fairly 
thick hyaline capsule, with the chalky material forming the core of the lesion. 
This picture shows the subpleural nodule found at the interlobar surface of the 
left upper lobe. There is only slight localized hyalinization in the parenchyma 
around this nodule. A similar picture was seen in the anthracotic lymph nodule 
of the left lower lobe just below the hilum level; there were a few cholesterol 
crystals in the chalky centre. All sections taken through the various portions of 
the lungs showed a uniform pattern of miliary tuberculosis of unusually massive 
dissemination. The seeding in the apices was not more marked than in any other 
part of both lungs. Most of the tubercles appeared already as small confluent 
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nodules and there was a great deal of large cellular exudate in the intervening 
alveoli. Many of the bronchioles were apparently obliterated by the growth of 
the hematogenous tubercles; they had disappeared in most of the sections. A 
few lymph nodes from the left upper tracheobronchial group showed, as grossly 
noticed, more marked anthracosis and a few hyaline nodules. As a whole, 
however, the histological picture in all bronchomediastinal nodes was uniformly 
the same, as shown in picture ‘‘C’’. There were confluent conglomerate tu- 
bercles with irregular caseation and recent epithelioid giant cell tubercles. As 
seen in photograph “C” there was contiguous extension of this process into the 
wall of the bronchus, the mucosa of which showed an abundance of Langhans’ 
giant cells and typical epithelioid giant cell tubercles. This section was taken 
from the right major bronchus which, at gross inspection, appeared moderately 
compressed by the egg-sized lower tracheobronchial lymph node. Similar 
pictures, however, were found also in the more central parts of the major bronchus 
surrounded by the tuberculous lymph nodes of the upper tracheobronchial 


group. 

We were not able to find a primary focus in this case. The two chalky sub- 
pleural lymph nodes pointed to the upper or midportion of the left lung as the 
site of the primary infection. In one of the regional left upper tracheobronchial 
lymph nodes there was marked anthracosis and hyaline nodular fibrosis, ap- 
parently of tuberculous nature. There was, in addition, a small anthraco- 
silicotic nodule in this lymph node, close to the hyaline tubercles. The tuber- 


culosis of the dorsal spine was, naturally, of hematogenous origin. The massive 
lymphogenous progression secondary to the overwhelming miliary tuberculosis 
of the lungs is somewhat unusual in our experience with cases of acute hematog- 
enous dissemination. It serves, however, to lay stress on the acute progression 
of pulmonary lesions in general, regardless of whether their pathogenesis is 
blood-borne or air-borne. Also, it demonstrates a massive involvement of the 
tracheobronchial tubes contiguous to the acute lymph node tuberculosis with- 
out gross ulceration or erosion. This case, then, shows that most acute diffuse 
lymph node tuberculosis is not restricted to a primary infection, nor to so-called 
endogenous exacerbation, nor to true progressive reinfection. It can be just as 
marked and even more diffuse in lymph nodes draining lungs when they are the 
seat of an overwhelming hematogenous dissemination, apparently leading rap- 
idly to massive intrailveolar and intrabronchiolar spread. The possibility 
that the massive tuberculosis of the lower tracheobronchial lymph nodes might 
be a more direct effect of lymphogenous extension from the para- and prever- 
tebral tissue, including especially the parietal pleura, will be considered in our 
comment later. 

The first symptoms of the tuberculous infection in this case were those of 
iritis, following an attack of severe cold with cough. This was three months 
previous to death. A few weeks later the patient became progressively weaker; 
there were night sweats and considerable nonproductive cough. Two weeks 
before she died there was increasing occipital headache with stiffness of the 
neck. The roentgenological diagnosis of the lungs was “‘diffuse fine mottling, as 
seen in miliary tuberculosis.” 
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COMMENT 


The striking difference in the anatomical findings of the 6 cases in this series 
and of those presented in the preceding papers on true reinfection is seen by a 
comparison of the respective charts. Apart from the remnants of the primary 
pulmonary complex the tuberculous lesions in the lungs are clearly of hematog- 
enous nature in 4 out of our 6 cases. In one (no. 4), there was no postprimary 
involvement of the lungs whatsoever, and the first case is an exception in so far as 
endogenous exacerbation in one of the regional lymph nodes produced a per- 
foration of the bronchial tube, followed by scattered intrabronchial aspiration 
tuberculosis. This complication of endogenous lymphoglandular exacerbation 
is, on the basis of our own experience, unusual. In the acute stages of pro- 
gressive primary infections, however, particularly in children, it isnot infrequent. 
The possible réle of the tuberculin reaction in relation to this focal exacerbation 
of lymphoglandular tuberculosis regional to an obsolete primary focus has been 
briefly discussed in the text. ‘The dissemination in our case was restricted to a 
few levels in both lungs, although there might have been a more diffuse spread, 
had the patient not succumbed to uremia. Extension of lymph node tuber- 
culosis through the bronchial tube, however, is not necessarily followed by 
massive intrabronchial spread. This was learned not only from a few anatomical 
and clinical observations on “epituberculous pneumonia” (13), but—since that 
time—from one more bronchoscopic chance finding of in part caseated lymph 
node tissues in the major bronchus of a young white adult female. Apart from 
atelectasis in the homolateral lung, there was neither at that time nor since any 
clinical sign of progressive disease. The patient appeared in good health. 

In the last 2 cases of our series the dissemination through the blood-stream is 
unusually massive, not only in the lungs but especially in such organs as spleen, 
liver and kidneys. The histological analysis of the pulmonary lesions in one of 
these cases, in particular, reveals a massive progressive miliary tuberculosis 
throughout the pulmonary parenchyma, gradually involving more and more 
air sacs and many bronchioli. The histological picture brought about by this 
dense miliary seeding within the pulmonary lobules is not unlike that seen in 
recent tuberculous bronchopneumonia caused by acute intrabronchial progression 
from a recent cavity. Alveoli and bronchioli between the densely placed mil- 
iary tubercles are filled with inflammatory edema fluid and many large mono- 
nuclear cells. There is, however, no caseation. Although the tuberculous 
process is thus spreading rapidly through the pulmonary parenchyma from all 
the innumerable hematogenous tubercles involving the intervening alveoli and 
many bronchioli, death from this massive overwhelming miliary tuberculosis 
and especially from the associated tuberculous meningitis apparently precludes 
the development of any further intrabronchial spread. It is the absence of 
the gross features of intracanalicular spread with acinous or peribronchitic 
tuberculous pneumonia, and even more so of cavities, recent or old, and of 
postprimary apical or subapical calcified tubercles and scars, which is common 
to all the 6 cases of our series. While the hematogenous character of the dense 
miliary tubercles in the last 2 cases was clear, presenting the well known picture 
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of overwhelming miliary seeding, 2 other cases (nos. 2 and 3) showed only 
sparsely scattered tubercles in the lungs, while other organs, such as the spleen 
and liver, contained very many tubercles. It is known from the anatomical find- 
ings in cases of so-called protracted hematogenous tuberculosis that the lungs 
show, at times, comparatively scattered involvement. 

Anatomical findings in the bronchomediastinal lymph nodes, usually inter- 
preted as endogenous lymphoglandular exacerbation or protracted lympho- 
glandular progression, are present in the first 4 cases of our series. In none of 
these are there any complicating postprimary pulmonary lesions which could be 
responsible for the active or reactivated tuberculosis in the bronchomediastinal 
lymph nodes. Only in the fifth case of our series, which is a typical example of 
protracted hematogenous tuberculosis following a comparatively late primary 
infection, it seemed impossible to attempt a pathogenetic analysis of the pul- 
monary lesions, complicated by an obviously chronic tuberculous pleuritis and 
tuberculosis of the peritoneum, in their relation to the more recent tuberculous 
changes in the lymph node component of the primary complex. Although the 
chalky-fibrous and somewhat calcified remnants of the primary infection were 
surrounded by active tuberculous lesions in these lymph nodes, the lymph nodes 
draining the right lung showed the same degree of diffuse active tuberculosis. 
In addition, there was considerable miliary tuberculosis in both lungs from which 
still recent lymphogenous spread might have occurred to all bronchomediastinal 
lymph nodes, just as it was found in the periaortic and peripancreatic nodes. 
There was, however, no evidence of a true exogenous reinfection as the source for 
the massive tuberculous pleuritis, and for this reason it was felt that protracted 
lymphogenous tuberculosis in the lymph nodes of the primary complex was 
originally responsible for this extensive hematogenous tuberculosis. 

As to the type of the primary lesions in these cases, there was distinct peri- 
focal spread around the primary focusin 4 instances. In one of these in partic- 
ular the location and extension of the calcified tubercles and fibrous scars 
resembled the late stages of a so-called primary subapical infiltration, as dis- 
cussed in one of our preceding papers (14). 

In the last case of our series the primary focus was not found. Only two 
subpleural, firmly chalky lymph nodules and a few small fibrous conglomerate 
tubercles in one regional bronchopulmonary lymph node pointed to the area in 
which the primary infection had taken place. In cases of overwhelming mil- 
iary tuberculosis, it has been found sometimes difficult, if not impossible, to 
locate the true primary lesion (Kudlich, Wells). This last case of our series 
showed, apart from the unusually massive miliary involvement of the lungs, also 
a most marked enlargement of all bronchomediastinal lymph nodes, but es- 
pecially of those in the bifurcation angle. In our past experience we have 
hardly observed such extreme degrees of tuberculous hyperplasia with caseation 
—the lower tracheobronchial lymph nodes were hen-egg sized—in association 
with miliary tuberculosis of the lungs. The direct source for the massive mil- 
iary tuberculosis was clearly established in the recent tuberculous abscesses of 
the seventh and eighth dorsal vertebra] bodies. These abscesses had extended 
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into the parietal pleura without, however, piercing through its surface. While 
the extrapleural paravertebral area is normally drained by the intercostal lym- 
phatics which, before entering the thoracic duct, pass through prevertebral 
lymph nodules, the mediastinal portion of the parietal pleura is drained by lymph 
vessels which terminate in the posterior mediastinal lymph nodes. Some effer- 
ent channels of these nodes join the tracheobronchial lymph nodes (15, 16). 
There exist, then, direct connections through efferent vessels of the posterior 
mediastinal set of the prevertebral lymph nodes to the lower tracheobronchial 
lymph. nodes. From these anatomical facts it appears that lymph vessels 
draining tuberculous pre- and paravertebral subpleural structures and the 
mediastinal portion of a tuberculous parietal pleura, some of which converge in 
the prevertebral set of the retromediastinal lymph nodes, can transmit the 
tuberculous infection through some efferent lymph vessels directly to the lower 
tracheobronchial lymph nodes before joining the thoracic duct. On the basis 
of the anatomical findings in our case 6 with the unusually massive tuberculous 
involvement of the lower tracheobronchial lymph nodes, extending downward 
to the level of the seventh and eighth vertebral bodies, one wonders whether this 
does not, at least in part, represent the direct result of the tuberculous paraver- 
tebral abscesses, leading through the retromediastinal lymph nodes to the 
bronchomediastinal lymph node chain below the bifurcation angle. We are 
considering such an interpretation because, in our past experience with anatomi- 
cal findings of overwhelming miliary tuberculosis, the lymphogenous progression 
in the bronchomediastinal lymph nodes never had reached such an extreme 
degree as observed in the lower tracheobronchial group in our case. Also, the 
interlobar bronchopulmonary lymph nodes were involved to a considerably 
smaller extent in this case. As we have neglected to examine histologically 
the entire pre- and paravertebral structures with the retromediastinal lymph 
nodes (only small portions of the tuberculous vertebral bodies, especially in- 
cluding the periosteum, were studied microscopically, showing unusually marked 
recent caseation) we feel the more that it should be of great interest to examine 
in future cases of acute tuberculous destruction of the lower thoracic spine, in 
connection with overwhelming hematogenous seeding, any possible routes of 
direct extension through the retromediastinal lymph nodes. Another unusual 
finding in this case was the apparent direct and fairly massive tuberculous spread 
from the tracheobronchial lymph nodes into the contiguous bronchial walls, the 
mucosa of which was studded with recent tubercles. While in many sections 
this contiguous spread seemed caused by the encroachment from the markedly 
enlarged tuberculous lymph nodes, there were also miliary tubercles seen in the 
walls of various bronchi without direct connection with the lymph node capsule. 
These could have resulted also from direct hematogenous dissemination through 
the bronchial arterial system. 


SUMMARY 


The anatomical findings in 6 cases of primary protracted tuberculosis in 
adults are discussed. Their ages varied from seventeen to seventy-five years. 
Four, or possibly 5 of these represent changes of “endogenous lymphoglandular 
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reinfection” with hematogenous dissemination involving especially spleen, 
liver, kidneys, the lungs, the pleura, peritoneum and leptomeninges. The 
pulmonary lesions, when present, are clearly of hematogenous character, either 
of the overwhelming miliary type (in 2) or with more sparsely scattered miliary 
and small nodular tubercles (in 2) without further intrabronchial spread. In one 
case this “lymphoglandular reinfection” produced an acute softening, causing 
perforation of the bronchial tube, with restricted recent aspiration tuberculosis. 
The primary lesions were either entirely obliterated or in a state of advanced 
healing. In the more centrally located lymph node components of the primary 
complex a combination of older, chronic and recent tuberculous changes was 
seen, usually designated as lymphogenous-endogenous reinfection. The terms 
“endogenous exacerbation” or “protracted lymphoglandular progression” 
appear preferable. 

A comparison of the entire anatomical picture in these cases with that seen in 
exogenous reinfection shows that the pulmonary lesions are clearly of hematog- 
enous character and that they do not lead to further intrabronchial progression 
as seen in the common type of pulmonary tuberculosis. 

One instance of acute miliary tuberculosis with overwhelming dissemination 
in the lungs is included, with caseated liquefaction of two lower thoracic ver- 
tebral bodies and tuberculous paravertebral abscesses, extending into the pa- 
rietal pleura, as its source. The unusually massive tuberculous hyperplasia of 
the lower tracheobronchial lymph nodes found in this case is suggestive of a 
direct lymphogenous involvement through efferent channels from the prever- 
tebral retromediastinal nodes to the lower tracheobronchial group, apart from 
massive spread from the overwhelming miliary dissemination through the lungs. 

The literature dealing with “‘endogenous-lymphogenous reinfection” is crit- 
ically analyzed. No unequivocal proof has been presented that in the de- 
velopment of the common (phthisic) form of pulmonary tuberculosis this en- 
dogenous lymphoglandular exacerbation is of pathogenetic significance. It 
can lead, however, to acute or protracted hematogenous dissemination in various 
organs, including the lungs and the leptomeninges, especially in the presence of 
recent caseation with cavitation in bronchomediastinal or angulus lymph nodes, 
in orthograde direction to the obsolete primary focus. 


SUMARIO 


Preséntanse los hallazgos anatémicos en 6 casos de tuberculosis prolongada 
primaria en adultos de 17 a 75 afios de edad. Cuatro, o posiblemente 5, mani- 
festaban alteraciones de “‘reinfeccién linfoganglionar endégena,” con disemina- 
cién hematdégena que interesaba en particular el bazo, higado, rifiones, pulmones, 
pleura, peritoneo y leptomeninges. Cuando habia lesiones pulmonares eran 
netamente hematégenas, bien del tipo grantilico agobiador (en 2) o con tubérculos 
nodulares pequefios y miliares mAs esparcidos (en 2) sin mds propagacién intra- 
bronquial. En un caso esta “reinfeccién linfoganglionar” produjo reblandeci- 
miento agudo, ocasionando perforacién bronquial, con una limitada tuberculosis 
reciente por aspiracién. Las lesiones primarias estaban o bien completamente 
borradas o en estado de cicatrizacién avanzada. En los componentes linfo- 
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ganglionares del complejo primario mds centralmente localizados observése 
una combinacién de alteraciones tuberculosas antiguas, crénicas y recientes, 
denominada habitualmente reinfeccién linfo-endégena, aunque parecen pre- 
feribles los términos de “exacerbacién endégena” o “evolucién linfoganglionar 
prolongada.”’ 

Una comparacién del cuadro anatdémico total en estos casos con el observado 
en la reinfeccién exdédgena revela que las lesiones pulmonares son netamente 
hematégenas y que no conducen a mayor propagacién intrabronquial como 
sucede en el tipo corriente de la tuberculosis pulmonar. 

También se describe un caso de granulia aguda con diseminacién agobiadora 
en los pulmones, y licuacién caseada de los cuerpos de las dos vértebras tordcicas 
inferiores, teniendo como foco de origen, abscesos paravertebrales tuberculosos 
que se extienden a la pleura parietal. La extraordinaria hiperplasia tuberculosa 
masiva de los ganglios linfatraqueobronquiales inferiores en este caso indica 
invasién linfégena directa a través de los conductos eferentes de los ganglios 
retromediastinicos prevertebrales al grupo traqueobronquial inferior, aparte de 
la difusién masiva procedente de la agobiadora diseminacién grantilica a través 
de los pulmones. 

Analizada criticamente la literatura relativa a la “reinfeccién endolinfégena,” 
no se encontraron datos positivos de que en el desarrollo de la forma habitual 
(tisica) de la tuberculosis pulmonar revista importancia patogenética esa exacer- 
bacién linfoganglionar endédgena. Puede si conducir a diseminacién hematé- 


gena aguda o bronquial a varios érganos, incluso los pulmones y las lepto- 
meninges, sobre todo en presencia de caseacién reciente con cavitacién en los 
ganglios linfaticos broncomediastinicos, o angulares, en direccién ortégrada al 
foco primario anticuado. 
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EOSINOPHILIA IN SILICOSIS' 
WILLIAM J. HABEEB 


A series of patients with eosinophilia have been encountered here in the past 
for which no cause could be determined. 

Aside from diseases of the hematopoietic system which form a rare group in 
which the eosinophil count is increased, there is a second group in which the 
majority of eosinophilias occur. This group includes allergic diseases (bronchial 
asthma, hay fever, urticaria), parasitic infestations and skin diseases. They 
were ruled out as possible causes in this series. 

While the patients with unexplained eosinophilia were being studied the im- 
pression arose that a preponderant number were coal miners many of whom had 
silicosis and silico-tuberculosis. Because a diligent search of the literature failed 
to reveal any mention of eosinophilia in coal miners or its association with 
silicosis, it was decided to test the validity of this impression. 


MATERIAL 


The sanatorium records of 813 male patients admitted in a recent two-year 
period were reviewed. All essential data were tabulated and analyzed. During 
that time, there were 654 nonminers and 159 miners admitted. Twenty-five 
of the 159 miners and 72 of the 654 nonminers were eliminated from the study 
because of heart disease, diabetes, cancer, incomplete records and the presence of 
eosinophilia with a known cause, leaving a total of 134 miners and 582 nonminers. 
The 582 nonminers were used as a control group. 

Miners and nonminers were classified as shown in table 1 and the incidence of 
eosinophilia determined for each group. The tuberculosis, silico-tuberculosis 
and silicosis groups were further divided (table 2) into first, second and third 
stage subgroups, according to the extent of disease. The average eosinophil 
count for each stage of disease was calculated (table 3) to ascertain what rela- 
tionship, if any, existed between the eosinophil count and the extent of the 
disease. All eosinophil counts over 300 cells per cubic millimeter were considered 
abnormal. In estimating the number of eosinophils, at least 300 leucocytes 
were counted on every differential count. 


RESULTS 


The accompanying tables need little explanation. From a statistical stand- 
point, except for the nonminer control group, the groups are not numerically 
large. But in view of a 51.2 per cent incidence of eosinophilia in coal miners 
with silicosis, as well as a 32.4 per cent incidence in coal miners with silico-tuber- 
culosis compared to a 16.1 per cent incidence in miners with tuberculosis and a 
5.9 per cent incidence in the control group, it seems safe to conclude that eosino- 
philia is frequent in patients with silicosis. Even though eosinophilia is not a 


1From the Pinecrest Sanitarium (West Virginia State Tuberculosis Sanitarium), 
Beckley, West Virginia. 
337 


i 
re- 
ar 
0 
te 
0 
ra, 
as | 
OS 
a 
OS 
e 
bs 
il 
)- 
1S 


WILLIAM J. HABEEB 


TABLE 1 


Incidence of unexplained eosinophilia in miners and nonminers 


Miners with unexplained eosinophilia 


Miners with silicosis 


Miners with silicosis and unexplained eosinophilia 


Miners with silico-tuberculosis 


Miners with silico-tuberculosis and unexplained eosinophilia 


Miners with tuberculosis 


Miners with tuberculosis and unexplained eosinophilia 


Nonminer males with tuberculosis 


TABLE 2 


Distribution of patients according to extent of disease 


FIRST STAGE 
DISEASE 


SECOND STAGE 
DISEASE 


THIRD STAGE 
DISEASE 


Miners with silicosis (41) 

Miners with silico-tuberculosis (37) 
Miners with tuberculosis (56) 
Nonminers with tuberculosis (582) 


12 
None 

G 

67 


18 
24 
19 
174 


11 
13 


TABLE 3 
Relation of average eosinophil count to the exient of disease 


AVERAGF. AVERAGE 
COUNT IN COUNT IN 
SECOND THIRD 
STAGE STAGE 
DISEASE DISKASE 


AVERAGE 
COUNT IN 
FIRST STAGE 
DISEASE 


GENERAL 

AVERAGE 

FOR ALL 
STAGES 


Miners with silicosis 322 634 652 536 
Miners with silico-tuberculosis No cases} 503 512 
Miners with tuberculosis 277 178 239 
159 127 171 


TABLE 4 


Comparison of the number of patients in each group with no eosinophils on differential leukocyte 
count 


NO EOSINOPHILS ON DIFFERENTIAL COUNT 


Number of patients Percentage 


Miners with silicosis (41) 3 7.3 
Miners with silico-tuberculosis (37) 5 13.5 
Miners with tuberculosis (56) 12 21.4 
Nonminers with tuberculosis (582) 213 36.5 


constant finding in silicosis, it occurs in a sufficiently high percentage of patients 
to suggest the existence of a relationship which is not casual. 
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Further evidence of this relationship is found in table 3 which shows the aver- 
age eosinophil counts in the three stages of disease. The counts vary little be- 
tween the second and third stage of silicosis but differ significantly from the 
first stage. In addition, the counts are above normal in the silico-tuberculosis 
group. The highest individual count in the first stage silicosis group was 832 
per cu. mm.; in the second stage 1,672 per cu. mm.; and in the third stage 2,013 
percu.mm. The 2,013 eosinophils per cu. mm. represent a 21 per cent eosino- 
philia. Thus, the average count and the highest count for each stage of silicosis 
are proportional to the extent of the disease. This also is true of the silico- 
tuberculosis subgroups but does not obtain in the other subgroups. 

Comparison of the number of patients in each major group, who had no eosino- 
phils on differential leucocyte count, is shown in table 4. Only 3, or 7.3 per cent, 
of the 41 miners with silicosis failed to show eosinophils in contrast to 213, or 
36.5 per cent, of 582 nonminers. 

There was no correlation between the age of the patient or the length of service 
in the mines and the eosinophil count. An explanation for this is the fact that 
the concentration of silica dust varies greatly in different mines because the 
amount of stone varies which must be drilled, cut, crushed and removed in order 
to make the coal accessible. For that reason, the miners in one mine may de- 
velop silicosis after a few years’ work while the miners in another mine may never 
develop the disease. 


DISCUSSION 


Eosinophilia is most often a manifestation of a generalized allergic response. 
Its presence in silicosis suggests that silica might be considered an allergen but 
it is improbable that an inert substance such as silica could produce an allergy. 
Furthermore, eosinophilia occurs in several conditions not related to allergy and . 
its association with silicosis is additional evidence that it is not always associ- 
ated with allergic phenomena. 

It is well known that coal dust alone is incapable of producing a tissue reaction; 
therefore, it can be disregarded as a cause for eosinophilia. 

An explanation of the eosinophilia, which is not without objection, is to be 
found in the experimental work of Chillingworth et al. (1) who, by the use of an 
intratracheal ball-valve which partially obstructed expiration but not inspira- 
tion, produced emphysema and an asthmatic syndrome with eosinophilia as high 
as 18 per cent in dogs. Also, they produced dyspnea with an average eosino- 
philia of 7.19 per cent in several medical students, using a partially blocked oral 
flutter valve which caused expiratory resistance. They concluded that the 
eosinophilia was due to expiratory delay when accompanied by alveolar over- 
distention and was of a specific nature. 

Pescatori (2) produced eosinophilia by asphyxiating rabbits with carbon di- 
oxide gas and concluded that acidosis was the cause. Chillingwroth e¢ al. 
objected to the acidosis theory on the ground that the eosinophilia was due to 
alveolar overdistention and expiratory delay and not to acidosis. Even so, 
there is an obvious relationship, namely acidosis, between Pescatori’s and Chil- 
lingworth’s methods of producing eosinophilia. Whether oxygen is excluded 
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from the lungs by the substitution of another gas for air or by a mechanical 
obstruction, acidosis results just the same. Regardless of this relationship, it is 
unlikely that acidosis is in any way related to eosinophilia. The chief objection 
to the acidosis theory is that there are numerous diseases in which acidosis 
occurs but which never show an eosinophilia. 

Even though silicosis and asthma have a totally different etiology, they do 
have several features in common. Silicosis produces irreparable anatomical and 
physiological changes in the lungs. The essential structural changes consist of 
fibrosis, emphysema and a reduction in the pulmonary capillary bed. The 
functional alterations which lead to a low pulmonary reserve are a decrease in 
vital capacity, an increase in residual air, a high alveolar carbon dioxide tension 
with a low oxygen tension and a subnormal oxygen saturation of the blood. 
Moreover, the alterations in respiratory physiology in silicosis are virtually the 
same as in asthma with the possible exception of bronchospasm and there is 
evidence that bronchospasm, though not a constant feature, does occur in silico- 
sis. The partial and temporary relief of dyspnea in some patients with silicosis 
following the administration of such bronchodilating drugs as epinephrine and 
ephedrine is clinical evidence that bronchospasm plays a part in the dyspnea 
of silicosis. 

In addition to the physiological changes, emphysema is common to both silico- 
sis and asthma. An obstructive type of emphysema occurs in asthma due to 
bronchospasm, whereas a compensatory type occurs in silicosis which is the 
result of fibrosis. Irrespective of the bronchospasm and the far different basic 
cause for the emphysema in asthma and silicosis, alveolar overdistention and 
expiratory delay are essential factors in both asthma and silicosis. In asthma 
these factors are more prominent and the difference is one of degree only. 

Emerson (3) lists emphysema among the causes of eosinophilia but cites only 
one case. Other more recent texts on hematology do not mention it. Obviously 
others either have not made the observation or have been unable to verify it. 
Chillingworth et al. mentioned but rejected emphysema in the consideration of 
causes for eosinophilia in their experiments. Their objection was based on the 
fact that the eosinophilia disappeared in one of their dogs following spontaneous 
extubation after permanent emphysema had developed. It would have been 
worth while to remove the tracheal valves in all 7 dogs to determine whether or 
not the disappearance of the eosinophilia was an invariable consequence of the 
removal of the valve. A single observation does not justify the rejection of 
emphysema as the cause for the eosinophilia. 

Emphysema of the degree produced in dogs by mechanical obstruction is 
seldom seen in human beings because no parallel clinical condition exists except 
for the rare obstruction which occurs in tumors of the trachea or larynx. How- 
ever, the emphysema produced by mechanical obstruction is not the only type 
of emphysema with which eosinophilia is associated. That fact is amply sup- 
ported by the results herein reported which not only confirm but extend Emer- 
son’s original observation. 

Emphysema is not seen, usually, in tuberculosis except in the rare far ad- 
vanced fibroid type in which there has been fibrous replacement and contraction 
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of a large portion of one or both lungs with consequent compensatory emphy- 
sema of the remaining portion. Too few cases of this type have been seen to 
warrant a conclusion regarding the presence or absence of eosinophilia, but it is 
reasonable to assume that eosinophilia Should accompany this type of disease. 


SUMMARY AND CONCLUSIONS 


A statistical analysis of the records of 134 miners and 582 nonminers was made 
which confirms the impression that eosinophilia occurs frequently in patients with 
silicosis. 

The incidence of eosinophilia in 41 miners with silicosis was 51.2 per cent; in 
37 miners with silico-tuberculosis 32.4 per cent; in 56 miners with tuberculosis 
16.1 per cent; in 582 nonminers with tuberculosis 5.9 per cent. 

The eosinophil counts were found to be proportional to the extent of silicosis 
and emphysema. In the first stage of silicosis the highest count was 832 cells 
per cu. mm. and the average count 322 cells per cu. mm.; in the second stage 
the highest count was 1,672 cells and the average was 634 cells; in the third stage 
the highest count was 2,013 cells and the average 652 cells. No such correlation 
was noted in patients with tuberculosis. 

The etiology of the eosinophilia in silicosis was discussed. 

It is believed that the evidence presented justifies the conclusion that the 
eosinophilia in silicosis is due to emphysema und its invariable consequents, 
alveolar distention and expiratory delay. 


SUMARIO Y CONCLUSIONES 


Un andlisis estadistico de los protocolos de 134 mineros y de 582 personas que 
no se dedican a la mineria confirma la impresién de que existe eosinofilia fre- 
cuentemente en los enfermos de silicosis. 

La incidencia de la eosinofilia represent6: en 41 mineros con silicosis 51.2%; 
en 37 mineros con silico-tuberculosis 32.4%; en 56 mineros con tuberculosis 16.1%; 
en 582 no mineros con tuberculosis 5.9%. 

El ntimero de eosinéfilos es proporcional a la extensién de la silicosis y el 
enfisema. En el primer periodo de la silicosis la numeracién maxima es de 832 
células por mm. cu. y el promedio 322 por mm. cu.; en el segundo periodo las 
cifras respectivas fueron 1,672 y 634; y en el tercero 2,013 y 652. Nose observé 
una correlacién semejante en los tuberculosos. 

Disctitese también aqui la etiologia de la eosinofilia en la silicosis. 

Ej A. opina que los datos presentados justifican la conclusién de que la eosino- 
filia en la silicosis procede del enfisema, teniendo como consecuencia general, 
distensién alevolar y tardanza en la expiracién. 
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TUBERCULOSIS OF THE TONGUE! 
L. L. TITCHE? 


Most authors who have written on this subject begin their articles with the 
statement that tuberculosis of the tongue is an uncommon or infrequent con- 
dition. This does not seem to be wholly borne out, because a review of the 
literature shows quite a number of cases. Possibly the conjecture by most 
authorities is true, that if tuberculous patients were more carefully examined 
during life and postmortem, many more cases of lingual tuberculosis would be 
found. The literature from 1920 to 1942 contains many reports of tuberculosis 
of the tongue, but no articles were published on this subject during 1942 and 
1943. The total number of reported cases seems to be slightly more than 400. 

Morgagni described the lesion of tuberculosis of the tongue in 1761 and Vir- 
chow reported the first autopsied case. Many other reports have appeared 
since then. Tuberculosis of the tongue is caused by the lodgment of tubercle 
bacilli in the tissues of the tongue and their subsequent proliferation (3). The 
primary etiological factors are the virulence of the organisms and locai tissue 
resistance. The tongue of practically every patient with active pulmanary 
tuberculosis is continuously exposed to bacilli-laden sputum (7). The rel- 
ative infrequency of tuberculosis of the tongue is probably due to the thickness 
of the mucous membrane and the marked general resistance of striated muscle 
to bacterial invasion. The mechanical cleansing effect of saliva and the contin- 
ual movement of the tongue undoubtedly play some part. 

There are several types of lesions: (1) ulcers, (2) fissures, (3) granulomata, 
(4) tuberculomata and (5) glossitis. Of these, the ulcer is the most frequent. 
There is no definite site of predilection though the lateral margins and the tip 
are more commonly involved. 

The symptoms of tuberculosis of the tongue are variable. Pain is usually 
late, occurring only after the infection progresses. This pain is severe, un- 
remittent and progressive. 

Treatment is mainly palliative, since the majority of cases are in the terminal 
stage of the pulmonary disease. In early cases, excision followed by cauteri- 
zation, or initial cauterization of the lesion may effect a cure. In terminal cases 
the application of local anesthetic agents may afford some relief, though at 
times it may be necessary to resort to injection of the lingual nerves with al- 
cohol to control the pain. 

I wish to report 30 cases which occurred at the Veterans Administration, 
Oteen, North Carolina from January 1, 1938 to August 1, 1944. In 7 of these 
the diagnosis was proved by biopsy. 

In this series, 28 cases were classified on admission as far advanced in regard 
to their pulmonary condition. The lesion of the tongue healed in 8, but 4 


1 Published with the permission of the Medical Director, Veterans Administration, who 
assumes no responsibility for the opinions expressed or conclusions drawn by the author. 
? Major, M.C., A.U.S. Veterans Administration, Tucson, Arizona. 
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succumbed to the disease of the lung. Fourteen patients did not show any 
improvement and died within five days to five months after the diagnosis of tu- 
berculosis of the tongue had been made. One patient did not show any improve- 
ment of the tongue and one showed improvement at the time he left the hospital. 
Two cases were classified on admission as moderately advanced and in both the 
lingual lesions healed. Recurrences were noted in 2 patients with far advanced 
tuberculosis. In one the tongue healed for a second time and in the other the 
lesion progressed until death occurred from the pulmonary disease. 

Binstok (2) states that statistics show that cases of tuberculosis of the tongue 
form approximately 50 per cent of all cases of tuberculosis of the oral cavity. 
The incidence of tuberculosis of the tongue has been given as from a small fraction 
of one per cent to 19.6 per cent. The incidence at this hospital covering 8,204 
admissions from January 1, 1938 to August 1, 19441s0.25 percent. Of the 8,204 
admissions, 6,244 were white and 1,960 were colored. Twenty-six of the cases 
of lingual involvement occurred in white patients and 4 in colored, a ratio of 
approximately 6 to one. This is in contrast to the statement by Katz (7) that 
this condition is only slightly less frequent in colored that in the white race and to 
the absence of any cases in the colored race in the report by Finney (6). As 
late as 1940 Baron (1) stated that apparently no instance of tuberculosis of the 
tongue had been recorded in Negroes. No cases of tuberculosis of the tongue 
were found in females, but these comprised only 139 admissions. 

The majority of the cases occurred during the fourth decade of life, there 
being 20, or 66.6 per cent; 20 per cent or 6 cases were in the third decade. This 
is in accordance with the findings of Baron (1), D’Aunoy (3), Farber (5) and Fin- 
ney (6), but in contrast to those of Katz (7) and Morrow (10), the greater num- 
ber of whose cases were in the third decade. 

The most common manifestation of the lesion was an ulcer, which occurred in 
93.4 per cent. The site was on the edge of the tongue in 40 per cent, on the 
base and tip in 26 per cent each and on the dorsum in 6 per cent. This is in 
agreement with the majority of previous reports. 

All our cases except one had positive sputum. Sixteen of the cases, or 53 
per cent, had associated tuberculous laryngitis and 11 or 36 per cent had oral and 
pharyngeal tuberculosis. There were 3 patients with gastro-intestinal tuber- 
culosis, or 10 per cent. Other complications included 2 cases with tuberculous 
epididymitis and one each with tuberculous meningitis, tuberculous arthritis and 
tuberculous cystitis. 


SUMMARY 


Thirty previously unreported cases of tuberculosis of the tongue have been 
discussed. The incidence of this condition in a tuberculosis hospital has been 
considered, as well as various other complications. 


SUMARIO 


Disctitense 30 casos de tuberculosis de la lengua inéditos hasta ahora, y con- 
sidérase la incidencia de este estado en un hospital para tuberculosos, asi como 
de otras varias complicaciones. 
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FOUNDERS OF THE NATIONAL TUBERCULOSIS ASSOCIATION 
An Historical Study 
ROBERT G. PATERSON! 


One of the basic lists in connection with the history of the National Tuber- 
culosis Association? is that of the founders* of the movement. It is now forty-one 
years since the founding of the National Tuberculosis Association took place. 
As time passes it will become more and more difficult to secure information 
concerning some of these founders. 

According to the minute book,‘ kept so faithfully by Henry Barton Jacobs, 
M. D., and now in the Archives of the National Tuberculosis Association, there 
were 195 founders.” Out of this total there were 185 who have been identified 
as physicians, 8 were laymen and 2 are undetermined.® The distribution by 
states shows that 45 were residents of Pennsylvania; 33 of New York; 16 of 
Maryland; 12 of Massachusetts; 11 of Illinois; 9 of Colorado; 8 each of Con- 
necticut and District of Columbia; 6 each of New Jersey and Ohio; 5 each of 
the Dominion of Canada and Rhode Island; 4 of Vermont; 3 of North Carolina; 
2 each of California, Delaware, Georgia, Indiana, Maine, Michigan, Minnesota, 
Missouri and New Mexico; one each of Idaho, Louisiana, South Carolina, 
Virginia, Washington and Wisconsin. In the main, the distribution of the 
founders by states follows the historical development of interest in tuberculosis 
in point of time and place. 

A further examination of this list reveals some interesting facts. At this 
date (July 1, 1945) there are 43 founders still living. Out of the 195 founders, 


1 Secretary, Committee on Archives, National Tuberculosis Association. 

2 On June 6, 1904, the Constitution and By-laws were adopted. The name selected was 
National Association for the Study and Prevention of Tuberculosis. On March 16, 1918, the 
Board of Directors voted to change the name to the National Tuberculosis Association and 
on June 7, 1918, the members of the Association voted to approve the action of the Board of 
Directors. 

3 A founder is defined as one who attended any or all of the three meetings which led to 
the organization of the Association. These meetings are designated, as follows: 

1. January 28, 1904 Baltimore, Maryland Discussion 
2. March 28, 1904 Philadelphia, Pennsylvania Action 
3. June 6, 1904 Atlantic City, New Jersey Organization 

4 Minutes of the National Tuberculosis Association 1904-1905. Committees on Organiza- 
tion: Organization meeting, Executive Committee and Board of Directors. 109 pp. 

5 On the occasion of the twenty-fifth anniversary meeting, a list of founders was pub- 
lished in the program and included 197 names. This list included the names of Norman 
Bridge, M.D. (1844-1925), Los Angeles, California and Matthew Munn Smith, M.D. (1864— 
1924), Austin, Texas. Neither of these men are listed as having attended any one of the 
three meetings and, therefore, are not considered as founders. However, they were elected 
to the first Board of Directors. 

6 These two are probably laymen since the medical sources fail to record them. They 
are Charles P. Fry, New York City and Charles M. Lewis, Philadelphia. We have been 
unable to secure any information. If any of our readers have information, it would be ap- 
preciated if such would be sent to the author. 
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only 6 attended all three meetings’; 38 attended the first meeting; 66 the second 
meeting and 156 the third meeting. Eighteen* of the founders have been 
elected president of the Association; 3 have served as secretary,’ and 6 have 
been the recipients of the Trudeau Medal.!° 

As one reviews the literature of tuberculosis from 1882 to 1904, the yeoman 
work of a relatively small group of these founders is strikingly revealed. The 
repetition of their names in connection with papers and discussions on tuber- 
culosis occurs regularly in the sessions of the American Medical Association, 
the American Public Health Association, the American Climatological Asso- 
ciation, the American Congress on Tuberculosis and the American Anti-Tuber- 
culosis League. It was this group of earnest workers which made possible the 
founding of the National Tuberculosis Association. 

The listing of the Founders of the National Tuberculosis Association gives 
the full name, alphabetically arranged; the year of birth and death, if such is 
the case; the place of residence at the time of registration and the meeting or 
meetings attended. 


FOUNDERS OF THE NATIONAL TUBERCULOSIS ASSOCIATION 

Names Birthand Death Place of Residence Meetings 
Adami, John George, M.D. (1862-1926) Montreal, Canada (ljj— — 
Anders, Howard Schultz, M.D. (1866+ ) Philadelphia, Pa. — (2)— 
Anders, James Meschter, M.D. (1854-1936) Philadelphia, Pa. — (2) 
Angney, William Muir, M.D. (1860-1906) Philadelphia, Pa. (1) (2) 
Babcock, Robert Hall, M.D. (1851-1930) Chicago, Ill. (1) — 
Baker, Henry Brooks, M.D. (1837-1920) Lansing, Mich. —_- — 
Baldwin, Edward Robinson, M.D. (1864+ ) Saranac Lake, N. Y. 
Barlow, Walter Jarvis, M.D. (1868-1937) Los Angeles, Calif. 
Barnes, Noble Price, M.D. (1871-1933) Washington, D. C. 
Barrier, John Marion, M.D. (1860-1922) Delhi, La. 
Bergtold, William Harry, M.D. (1865-1936) Denver, Colo. 
Beyer, Adm. Henry Gustav, M.D. (1850-1918) Washington, D. C. 
Biggs, Hermann Michael, M.D. (1859-1923) New York, N. Y. 
Black, John Janvier, M.D. (1837-1909) New Castle, Del. 
Billings, Frank, M.D. (1854-1932) Chicago, Ill. 
Blumenthal, Oliver Aaron, M.D. (1870-1905) Syracuse, N. Y. 
Bonney, Sherman Grant, M.D. (1864-1942) Denver, Colo. — — (8) 
Bowditch, Vincent Yardley, M.D. (1852-1929) Boston, Mass. (1) (2) (8) 
Bracken, Henry Martyn, M.D. (1854-1938) St. Paul, Minn. (1)— — 


7 These were: Drs. Bowditch, Jacobs, Knopf, Minor, Osler and Welch. 

8 These were: Drs. Trudeau (1904-5); Biggs (1905-7); Billings (1907-8); Bowditch 
(1908-9) ; Janeway (1909-10) ; Welch (1910-11) ; Ravenel (1911-12) ; Lowman (1913-14) ; Kober 
(1914-15); Baldwin (1916-17); Minor (1917-18); Lyman (1918-19); Vaughan (1919-20); 
Miller (1921-22); Brown (1922-23); Hatfield (1924-25); Sewall (1926-27); Taylor (1927-28). 

® These were: Drs. Jacobs (1904-20); Kober (1921-27); and Hatfield (1928+). As will 
be seen, these 3 men have served as secretary throughout the current life of the Association. 

10 These were: Drs. Baldwin (1927) ; Sewall (1930); Brown (1933); Hatfield (1937); Lyman 
(1943); and Miller (1944). The Trudeau Medal was created by resolution of the Board of 
Directors, January 24, 1925, and the first recipient was Dr. Theobald Smith in 1926. Awards 
have been made annually since that date. 
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FOUNDERS OF THE NATIONAL TUBERCULOSIS ASSOCIATION—Continued 


Names 
Brannan, John Winters, M.D. 
Brinton, Ward, M.D. 
Brooks, Myron Joel, M.D. 
Brown, Lawrason, M.D. 
Bryce, Peter Henderson, M.D. 
Bullock, Earl Sprague, M.D. 
Carrington, Paul Miles, M.D. 
Casselberry, William Evans, M.D. 
Caverly, Charles Solomon, M.D. 
Clapp, Herbert Codman, M.D. 
Clark, Colin Reed, M.D. 
Cohen, Jacob Solis, M.D. 
Coleman, Thomas Davies, M.D. 


Coplin, William Michael Late, M.D. 


Craig, Frank Ardary, M.D. 
Curtin, Roland Gideon, M.D. 
Cushing, Harvey, M.D. 

Daland, Judson, M.D. 
Darlington, Thomas, M.D. 

Davis, Nathan Smith, Jr., M.D. 
Davisson, Alexander Heron, M.D. 


Detwiler, Benjamin Horning, M.D. 


Devine, Prof. Edward Thomas 
Dinnen, James Michael, M.D. 
Doty, Alvah Hunt, M.D. 
Dunham, Henry Bristol, M.D. 
Edson, Carroll Everett, M.D. 
Egan, James Andrew, M.D. 
Ellenberger, John Wesley, M.D. 
Elliott, Jabez Henry, M.D. 
Ellis, Charles Manly, M.D. 
Elsner, Henry Leopold, M.D. 
Fetterman, Wilfrid Bernard, 
Jr., MD. 
Fisher, Prof. Irving 
Fisk, Samuel Augustus, M.D. 
Flick, Lawrence Francis, M.D. 
Forchheimer, Frederick, M.D. 
Ford, William Webber, M.D. 
Foster, John Pierrepont 
Codington, M.D. 
Freudenthal, Wolff, M.D. 
Fry, Charles P. 
Fulton, John Samuel, M.D. 


Gaylord, Charles Woodward, M.D. 


Gerhard, George Smith, M.D. 
Getchell, Albert Colby, M.D. 
Gichner, Joseph Enoch, M.D. 
Goepp, Rudolph Max, M.D. 
Goler, George Washington, M.D. 
Goudiss, Charles Houston 
Hackenburg, William Bower 


Birthand Death 
(1853-1936 ) 
(1873-1935) 
(1868-1937) 
(1871-1937) 
(1853-1932) 
(1871-1941) 
(1862+ ) 
(1858-1916) 
(1856-1918) 
(1846-1929) 
(1869+ ) 
(1838-1927) 
(1865-1927 ) 
(1864-1928) 
(1876+ ) 
(1839-1913) 
(1869-1939) 
(1860-1937) 
(1858+ ) 
(1858-1920) 
(1869-1944) 
(1831-1910) 
(1867+ ) 
(1856+ ») 
(1854-1934) 
(1872+ ) 
(1866-1930) 
(1859-1913) 
(1858-1931) 
(1873-1942) 
(1838-1911) 
(1857-1916) 
(1877+ 


(1867+ 
(1856-1915) 
(1856-1938) 
(1853-1913) 
(1871-1941) 
(1847-1910) 


(1858-1930) 
(no. inf. ) 
(1859-1931) 
(1846-1918) 
(1849-1920) 
(1857+ ) 
(1864+ ) 
(1866+ ) 
(1864-1940) 
(1880+ ) 
(1837-1918) 


Place of Residence 
New York, N. Y. 
Philadelphia, Pa. 
New Canaan, Conn. 
Saranac Lake, N. Y. 
Montreal, Canada 
Silver City, N. M. 
Fort Stanton, N. M. 
Chicago, 
Rutland, Vt. 
Boston, Mass. 
Youngstown, Ohio 
Philadelphia, Pa. 
Augusta, Ga. 
Philadelphia, Pa. 
Philadelphia, Pa. 
Philadelphia, Pa. 
Baltimore, Md. 
Philadelphia, Pa. 
New York, N. Y. 
Chicago, Ill. 
Philadelphia, Pa. 
Williamsport, Pa. 
New York, N. Y. 
Fort Wayne, Ind. 
New York, N. Y. 
Rutland, Mass. 
Denver, Colo. 
Springfield, Il. 
Harrisburg, Pa. 
Toronto, Canada 
Elkton, Md. 
Syracuse, N. Y. 
Philadelphia, Pa. 


New Haven, Conn. 
Denver, Colo. 
Philadelphia, Pa. 
Cincinnati, Ohio 
White Water, Mo. 
New Haven, Conn. 


New York, N. Y. 
New York, N. Y. 
Baltimore, Md. 
Branford, Conn. 
Ardmore, Pa. 
Worcester, Mass. 
Baltimore, Md. 
Philadelphia, Pa. 
Rochester, N. Y. 
Philadelphia, Pa. 
Philadelphia, Pa. 
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FOUNDERS OF THE NATIONAL TUBERCULOSIS ASSOCIATION—Continued 
Names Birthand Death Place of Residence Meetings 


Hall, Henry Martyn, Jr., M.D. (1872+ ) Pittsburgh, Pa. (3) 
Halsey, Luther Murphy, M.D. (1849-1921) Williamstown, N. J. (3) 


Hance, Irwin Howell, M.D. 
Hancker, William Henry, M.D. 
Hare, Hobart Amory, M.D. 

Hart, James Augustus, M.D. 
Hatfield, Charles James, M.D. 
Hickling, Daniel Percy, M.D. 
Hinsdale, Guy, M.D. 
Hirschfelder, Joseph Oakland, M.D. 
Hitchcock, Harry Eastman, M.D. 
Hoffman, Frederick Ludwig 
Holmes, Anderson Mansfield, M.D. 
Holton, Henry Dwight, M.D. 
Hubbard, Thomas, M.D. 

Huber, John Bessner, M.D. 
Huddleston, John Henry, M.D. 
Hurty, John Newell, M.D. 

Ingals, Ephraim Fletcher, M.D. 
Irwin, James Willoughby, M.D. 
Jacobi, Abraham, M.D. 

Jacobs, Henry Barton, M.D. 
Janeway, Edward Gamaliel, M.D. 
Jarrett, Harry 8., M.D. 

Kean, Jefferson Randolph, M.D. 
Kennaday, Paul 

King, Herbert Maxon, M.D. 
Kinyoun, Maj. Joseph James, M.D. 
Kipp, Charles John, M.D. 

Klebs, Arnold Carl, M.D. 

Knight, Frederick Irving, M.D. 
Knopf, Sigard Adolphus, M.D. 
Knox, James Hall Mason, Jr., M.D. 
Kober, George Martin, M.D. 
Lambert, Alexander, M.D. 
Landis, Henry Robert Murray, M.D. 
Lewis, Charles M. 

Lewis, Daniel, M.D. 

Lewis, Harry Edwin, M.D. 
Linthicum, George Milton, M.D. 
Loomis, Henry Patterson, M.D. 
Lowman, John Henry, M.D. 
Luce, Frank Henry, M.D. 

Lyle, Benjamin Franklin, M.D. 
Lyman, David Russell, M.D. 
McCarthy, Daniel Joseph, M.D. 
McGahan, Charles Fourgeaud, M.D. 
Maher, Stephen John, M.D. 
Marcley, Walter John, M.D. 
Marshall, Harry Taylor, M.D. 
Meyer, Alfred, M.D. 

Middleton, William John, M.D. 


(1861-1929) 
(1850-1933) 
(1862-1931) 
(1849-1925) 
(1867+ ) 
(1863-1939) 
(1858+ ) 
(1854-1920) 
(1872-1936) 
(1865+ ) 
(1862-n.d.) 
(1838-1917) 
(1859-1943) 
(1864-1924) 
(1864-1915) 
(1852-1925) 
(1848-1918) 
(1871-1921) 
(1830-1919) 
(1858-1939) 
(1841-1911) 
(1861-1919) 
(1860+ ) 
(1873-1929) 
(1864-1917) 
(1860-1919) 
(1838-1911) 
(1870-1943) 
(1841-1909) 
(1857-1940) 
(1872+ ) 
(1850-1931) 
(1861-1939) 
(1872-1937 ) 
(no inf. ) 
(1846-1919) 
(1875-1927) 
(1870-1935) 
(1859-1907) 
(1849-1919) 
(1859-1937) 
(1861-1939) 
(1876+ ) 
(1874+ ) 
(1861-1910) 
(1860-1939) 
(1867+ ) 
(1875-1929) 
(1854+ ) 
(1858-1937) 


Lakewood, N. J. 
Farnhurst, Del. 
Philadelphia, Pa. 


Colorado Springs, Colo. 


Philadelphia, Pa. 
Washington, D. C. 
Hot Springs, Va. 


San Francisco, Calif. 


Auburn, Me. 
Newark, N. J. 
Denver, Colo. 
Brattleboro, Vt. 
Toledo, Ohio 
New York, N. Y. 
New York, N. Y. 
Indianapolis, Ind. 
Chicago, Ill. 
Philadelphia, Pa. 
New York, N. Y. 
Baltimore, Md. 
New York, N. Y. 
Towson, Md. 


Washington, D. C. 


New York, N. Y. 
Liberty, N. Y. 
Glenolden, Pa. 
Newark, N. J. 
Chicago, Ill. 
Boston, Mass. 
New York, N. Y. 
Baltimore, Md. 


Washington, D. C. 


New York, N. Y. 
Philadelphia, Pa. 
Philadelphia, Pa. 
New York, N. Y. 
Burlington, Vt. 
Baltimore, Md. 
New York, N.Y. 
Cleveland, Ohio 
Davenport, Wash. 
Cincinnati, Ohio 


Wallingford, Conn. 


Philadelphia, Pa. 
Aiken, S. C. 


New Haven, Conn. 


Rutland, Mass. 
Baltimore, Md. 
New York, N. Y. 
Steelton, Pa. 


(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
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(3) 
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FOUNDERS OF NATIONAL TUBERCULOSIS ASSOCIATION 


FOUNDERS OF THE NATIONAL TUBERCULOSIS ASSOCIATION—Continued 


Names 
Miller, James Alexander, M.D. 
Miner, Charles Howard, M.D. 
Minor, Charles Launcelot, M.D. 
Musser, John Herr, M.D. 
Neale, Henry Marion, M.D. 
Newcomb, James Edward, M.D. 
Nichols, Estes, M.D. 
Norris, George William, M.D. 
Oertel, Theodore Eugene, M.D. 
Osborne, Oliver Thomas, M.D. 
Osler, William, M.D. 
Otis, Edward Osgood, M.D. 
Overlock, Melvin George, M.D. 
Page, Calvin Gates, M.D. 
Pease, Herbert Dodge, M.D. 
Peck, Charles William, M.D. 
Perkins, Jay, M.D. 
Peters, William Harlan, M.D. 
Pettit, James Wiley, M.D. 
Phillips, William Fowke 

Ravenel, M.D. 

Porter, William Henry, M.D. 
Price, Marshall Langton, M.D. 
Probst, Charles Oliver, M.D. 
Pryor, John Henry, M.D. 
Pulley, William Joseph, M.D. 
Putnam, Helen Cordelia, M.D. 
Ravenel, Mazyck Porcher, M.D. 


Reynolds, Walter Seymour, M.D. 


Richer, Arthur Joseph, M.D. 
Rochester, DeLancey, M.D. 
Rosenau, Milton Joseph, M.D. 


Rothrock, Joseph Trimble, M.D. 


Ruhrih, John, M.D. 

Schauffler, William Gray, M.D. 
Schmitt, Gustav, M.D. 

Sewall, Henry, M.D. 

Simmons, George Henry, M.D. 
Solis-Cohen, Solomon, M.D. 
Solly, Samuel Edwin, M.D. 


Stanton, William Bancroft, M.D. 


Sternberg, Brig. Gen. George 
Miller, M.D. 

Stevens, Martin Luther, M.D. 

Stockdale, Rev. Elwell 


Stockton, Charles Gleason, M.D. 


Stokes, William Royal, M.D. 
Stone, Arthur Kingsbury, M.D. 
Stubbert, James Edward, M.D. 
Swain, Henry Lawrence, M.D. 
Swarts, Gardner Taber, M.D. 


Birthand Death 
(1874+ ) 
(1868+ ) 
(1865-1928) 
(1856-1912) 
(1858-1937) 
(1857-1912) 
(1874-1944) 
(1875+ ) 
(1864-1933) 
(1862-1940) 
(1849-1919) 
(1848-1933) 
(1865-1920) 
(1867+ ) 
(1870+ ) 
(1841-1916) 
(1864+ ) 
(1868-1931) 
(1846-1926) 
(1863-1935) 


(1853-1933) 
(1878-1915) 
(1857-1933) 
(1859-1923) 
(1869+ ) 
(1857+ ) 
(n.d.+ 
(1864-1919) 
(1868-1922) 
(1859-1929) 
(1869+ ) 
(1839-1922) 
(1872-1935) 
(1863-1933) 
(1862+ ) 
(1855-1936) 
(1852-1937) 
(1857+ 
(1845-1906) 
(1872-1910) 
(1838-1915) 


(1864-1940) 
(1873-1917) 
(1853-1931) 
(1870-1930) 
(1861+ ) 
(1859-1938 ) 
(1864-1940) 
(1857-1925) 


Place of Residence 


New York, N. Y. 
Wilkes-Barre, Pa. 
Asheville, N. C. 
Philadelphia, Pa. 
Upper Lehigh, Pa. 
New York, N. Y. 
Augusta, Me. 
Philadelphia, Pa. 
Augusta, Ga. 

New Haven, Conn. 
Baltimore, Md. 
Boston, Mass. 
Worcester, Mass. 
Boston, Mass. 
Albany, N. Y. 
Brandon, Vt. 
Providence, R. I. 
Providence, R. I. 
Ottawa, III. 
Washington, D. C. 


St. Louis, Mo. 
Baltimore, Md. 
Columbus, Ohio 
Buffalo, N. Y. 
New York, N. Y. 
Providence, R. I. 
Philadelphia, Pa. 


Atlantic City, N. J. 


Montreal, Canada 
Buffalo, N. Y. 
Washington, D. C. 
Mt. Alto, Pa. 
Baltimore, Md. 
Lakewood, N. J. 
Milwaukee, Wis. 
Denver, Colo. 
Chicago, Ill. 
Philadelphia, Pa. 


Colorado Springs, Colo. 


Philadelphia, Pa. 
Washington, D. C. 


Asheville, N. C. 
White Haven, Pa. 
Buffalo, N. Y. 
Baltimore, Md. 
Boston, Mass. 
New York, N. Y. 
New Haven, Conn. 
Providence, R. I. 


Meetings 


— 
(1) (2) 
— (2) 
— () 
(1) — 


(1) (2) 
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(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
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FOUNDERS OF THE NATIONAL TUBERCULOSIS ASSOCIATION—Continued 


Names 
Taylor, Henry Longstreet, M.D. 
Taylor, John Martin, M.D. 
Thayer, William Sydney, M.D. 
Trudeau, Edward Livingston, M.D. 
Turnbull, Thomas, Jr., M.D. 
Tyson, James, M.D. 
Tyson, Thomas Mellor, M.D. 
Ullom, Josephus Tucker, M.D. 
Vaughan, Victor Clarence, M.D. 
Vietor, Agnes Caecilia, M.D. 
Von Ruck, Karl, M.D. 
Wainwright, Jonathan 

Mayhew, M.D. 

Walker, Samuel Johnson, M.D. 
Walsh, Joseph, M.D. 
Ward, Samuel Baldwin, M.D. 
Welch, William Henry, M.D. 
Wells, Edward Franklin, M.D. 
White, William Rushmer, M.D. 
Wilder, John Archibald, M.D. 
Willcox, James Mark 
Williams, Francis Henry, M.D. 
Willson, Robert Newton, M.D. 
Wilson, Gordon, M.D. 
Wilson, James Cornelius, M.D. 
Young, William Archibald, M.D. 


Birthand Death 


(1857-1932) 
(1861+ 
(1864-1932) 
(1848-1915) 
(1865+ ) 
(1841-1919) 
(1866-1928 ) 
(1877+ 
(1851-1929 ) 
(n.d.+ ) 
(1849-1922) 
(1874-1934) 


(1867-1924) 
(1870+ 
(1842-1915) 
(1850-1934) 
(1853-1925) 
(1875-1939) 
(1870-1911) 
(1861-1935) 
(1852-1936) 
(1873-1916) 
(1876-1932) 
(1847-1934) 
(1866-1933) 


Place of Residence 


St. Paul, Minn. 
Boise, Idaho 
Baltimore, Md. 


Saranac Lake, N. Y. 


Allegheny, Pa. 


Philadelphia, Pa. 
Philadelphia, Pa. 
Philadelphia, Pa. 
Ann Arbor, Mich. 


Boston, Mass. 
Asheville, N. C. 
Scranton, Pa. 


Chicago, Ill. 


Philadelphia, Pa. 


Albany, N. Y. 
Baltimore, Md. 
Chicago, Ill. 


Providence, R. I. 


Denver, Colo. 
Philadelphia, Pa. 
Boston, Mass. 
Philadelphia, Pa. 
Baltimore, Md. 
Philadelphia, Pa. 
Toronto, Canada 


Meetings 
(1) — 


(2 


Explanation: Final authority for spelling and dates has been the files of The Journal of 
the American Medical Association or the current issue of The Directory of the American 


Medical Association. Symbols used: + = continuous to date; n.d. 


no date given; no 


inf. = no information. Meetings attended indicated by (1) = Baltimore; (2) = Phila- 


delphia; (3) = Atlantic City. 
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AMERICAN TRUDEAU SOCIETY 
Report of the Committee on Tuberculosis in Industry 


Dr. Leroy U. Gardner, Chairman 
Dr. Leopold Brahdy Dr. Oscar A. Sander 
Dr. Lloyd Hamlin *Mr. B. E. Kuechle 
Dr. Herman E. Hilleboe *Dr. William P. Shepard 
Dr. Ada Chree Reid *Dr. C. D. Selby 
*Mr. William A. Doppler 


The Committee on Tuberculosis in Industry, a joint committee of the National 
Tuberculosis Association and the American Trudeau Society, held its annual 
meeting in Pittsburgh, Pennsylvania on November 15, 1944. 

Fair Employment Standards: The Subcommittee appointed at the November 
meeting has in preparation a guide for industrial physicians, setting standards 
on the industrial employability of persons with a history of tuberculosis. 

A. M. A. Coéperation: The Committee is collaborating with the Council on 
Industrial Health of the American Medical Association in codifying industrial 
case-finding procedures. 

Industrial X-ray Ailas: Dr. Leroy U. Gardner has accepted the Committee’s 
invitation to prepare a collection of chest X-ray plates of industrial significance 
for publication by the National Tuberculosis Association. 


NTA-ATS Symposium, ‘Tuberculosis and Silicosis’: The symposium on 
tuberculosis and silicosis, authorized by the Committee at its November meet- 
ing, is in the hands of the printer and should be available in the fall of 1945. 

Industrial Mass Radiography Manual: Doctor Hilleboe’s volume on mass 
radiography of the chest is now on the market. This book eliminates the im- 
mediate need for a Committee publication on the same subject, such as was 
recommended by the 1944 Committee. 


* National Tuberculosis Association Members. 
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AMERICAN TRUDEAU SOCIETY 
Report of the Committee on X-ray Apparatus and Technique 


Dr. Wm. H. Weidman, Chairman 
Dr. Ezra Bridge Dr. Hollis Potter 
Dr. F. Maurice McPhedran *Mr. Edward F. Gunson 
Dr. Russell H. Morgan *Dr. 8. Reid Warren 


A meeting of the Committee on X-ray Apparatus and Technique was held on 
December 1, 1944. Committee members present were: Wm. H. Weidman, 
M.D., Chairman, Ezra Bridge, M.D., Russell H. Morgan, M.D., F. Maurice 
McPhedran, M.D., S. Reid Warren, D.Sc., Edward F. Gunson. 

Because of the development of unforeseen circumstances, Dr. Hollis Potter 
was unable to attend. Dr. R.S. Gass of Tennessee, having been given an over- 
seas assignment by the U. N. R. R. A. requested that the Committee accept his 
resignation. This was done with regret. 

Physical Factors Affecting Diagnostic Quality of Radiographic Films: 
Doctor Morgan reported that the interpretability of a radiographic film is 
governed by certain subjective factors related to the radiologist who reads the 
film and by certain physical factors related to the clarity with which the radio- 
graphic group, however, is amenable to analysis by usual physical methods. 

The clarity of the radiographic image is dependent on certain related factors. 
These include: (1) the maximum ability of the radiographic film to record de- 
tail, (2) the inherent contrast coefficient of the radiographic material, (3) the 
contrast of the roentgen image and its surrounding field, (4) unsharpness of the 
image as introduced by movement of the structures being radiographed or by 
the finite size of the target, (6) certain physiological limitations of the viewer’s 
eye. 

Each of these subdivisions has been investigated for various kinds of radio- 
graphic films, screens, photofluorographic materials and for various radio- 
graphic techniques through a wide range of kilovoltage, and through a wide 
range of tissue thickness; both for calcified and soft tissues, and both for Potter 
grid and non-grid radiography. From these data it is possible to present in 
unequivocal terms the value of one radiographic material over another, and the 
value of one technique over another. (These data are to be published in detail 
later.) 

Reproduction of Chest Roentgenograms on Paper: Samples of reproduction 
were submitted by Dr. Bridge and Mr. Warren and those submitted by Mr. 
Warren were considered to be acceptable by the Committee. In order to 
facilitate the development of this project, it was decided that a Subcommittee 
be formed consisting of Dr. Bridge, Mr. Warren and Dr. Morgan. This Com- 
mittee is to work out ali details and is to complete this project before the next 


* National Tuberculosis Association Members. 
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scheduled meeting of the American Trudeau Society. It is to be understood 
that the reproductions are to be printed on paper having an overall size of 83” 
x 11”. Most of the Committee members felt that an acceptable format for 
these paper reproductions should be of the loose-leaf folder type so that, if this 
project meets with general approval, additions could be made from time to 
time. As time passes, an X-ray manual could be obtained. It is hoped that 
these reproductions will be distributed without cost to the individual members 
of the Society. It was decided to make arrangements with the National Tu- 
berculosis Association for the distribution of paper copies of three of the tech- 
nique films. One film illustrating underexposure, one regular technique and 
one overexposure. 

X-ray Film Library: Doctor Weidman, with the help of Mr. Jean Kieffer, 
submitted a group of X-ray films demonstrating various technical factors ar- 
ranged in a booklet form to be used for general distribution among the members. 
However, because of technical difficulties, it was decided to temporarily hold 
this project in abeyance. 

Body Section Roentgenography: Doctor McPhedran reported further develop- 
ments on his investigation of planigraphy. The problem of the appearance of 
the lesion on different planes at greater depths than the size of lesion warrants 
was discussed. He is to continue his work and submit a report at a later date. 
Doctor McPhedran also demonstrated the value of frequent serial roentgeno- 
grams taken at short intervals of time. By using lead filters many exposures 
could be obtained on the ordinary 14” X 17” film. 

American Society of X-ray Technicians: Mr. Gunson will attempt during the 
coming year to further develop the close relationship and codperation between 
this Society and that which he represents in order to improve, if possible, X-ray 
technique. It was suggested that possibly the Society of X-ray Technicians 
might increase its membership through the American Trudeau Society by 
canvassing the various sanatoria employing X-ray technicians, and this list 
will be made available to the National Tuberculosis Association office. 

Stereoscopy: Doctor Bridge suggested that knowledge on this subject is far 
from complete and at the next meeting Mr. Henry Kurtz, who is an expert on 
stereoscopy, will present certain problems for discussion and investigation. 
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NOTICE 
Conference on Tuberculosis 


A Conference on Control of Tuberculosis in a Metropolitan Area, sponsored 
by the Institute of Medicine of Chicago, will be held on Tuesday and Wednesday, 
November 13 and 14, 1945, at the Palmer House, Chicago, and will cover phases 
that are of particular importance at this time to clinicians, specialists, lay workers, 
and teachers, who are cordially invited to attend. Among the subjects to be 
discussed by local and national authorities in the field of tuberculosis and public 
health are the following: 


Application of Immunological Principles to the Clinic of Tuberculosis 

Case Finding 

Tuberculosis in Negroes 

Dietary Aspects of Tuberculosis 

Climatic Aspects of Tuberculosis 

Sanatorium Facilities 

The Réle of General Hospitals and Clinics and of the Private Physician in Tuberculosis 

Tuberculosis and Housing 

The Family Problem of the Tuberculous Patient 

Education of Public Authorities and the Laity in Tuberculosis 

Tuberculosis in Children; Tuberculosis as a School Problem; The Practical Application 
of Instruction Methods for Schools 

Principles and Organization of Treatment 

Surgical Treatment of Tuberculosis 

Follow-up Problems, Including the Chronic Open Case 

Rehabilitation 

The Réle of Governmental Agencies 


Panel Discussions 
Financing the Tuberculosis Problem 
The Problem of the Tuberculous War Veteran 
Immunization with the Bacillus Calmette-Guerin 
Education of Medical Students and Physicians in Tuberculosis 


For further information and programs, address: The Institute of Medicine 
of Chicago, 86 East Randolph Street, Chicago 1, Illinois. 


INDICATIONS FOR INTRAPLEURAL PNEUMONOLYSIS! 
A Review of 567 Thoracoscopic Examinations 
H. AUBREY JONES 


The objective of pneumothorax in the treatment of pulmonary tuberculosis is 
the relaxation of the diseased lung. The attainment of this objective is fre- 
quently prevented by pleural adhesions and, when this is so, there are three 
possible lines of procedure. 


1: The adhesions may be ignored and the pneumothorax maintained. Crushing of the 


phrenic nerve may be added if desired. 
2: The pneumothorax may be terminated. Treatment will then be bed-rest with or 


without crushing of the phrenic nerve or thoracoplasty. 
3: The adhesions may be severed or otherwise detached. 


Ideally, a pneumothorax should be free of adhesions in order to ensure op- 
timum lung relaxation. Accordingly, if all adhesions could be detached with 
little danger of serious operative complications no problem would exist; in- 
trapleural pneumonolysis would be routine. Unfortunately this is not so. 
While it is true that many adhesions can be severed without fear of complications 
there are others that can be freed only at considerable risk. This article is pri- 
marily concerned with the question of when and when not to sever such ad- 
hesions. Conclusions reached are based on results and observations of 509 
consecutive closed intrapleural pneumonolyses over a seven-year period. 


EXPLANATION OF TERMS 


Complete pneumonolysis: All adhesions bearing any relationship to the diseased 
lung are severed or otherwise detached. The pneumonolysis is ‘technically 
successful’? when this is accomplished. 

Incomplete pneumonolysis: Some adhesions are severed but one or more 
remain. The pneumonolysis is “technically unsuccessful.” 

Partial pneumonolysis: An adhesion is partially divided. 

Enucleation: The detaching of an adhesion from the parietal pleura in con- 
trast with the usual method of severing. A section of parietal pleura is re- 
moved at the peripheral attachment of the adhesion. 

Minor pneumonolysis: An operation attended with negligible risk of compli- 
cations. Any thin adhesion, 2 cm. or more in length, can be safely severed. 
Many thicker and shorter adhesions can also be safely severed but the skill and 
experience of the surgeon are then determining factors. The same prevails 
in regard to small enucleations. The numbcr of adhesions severed is relatively 


unimportant. 
1From the Division of Tuberculosis Control, Provincial Board of Health, Victoria, 


British Columbia. 
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Major pneumonolysis: An operation that may result in complications. Oper- 
ations that fall within this classification are as follows. 


1. Extensive enucleations. 

2. Incomplete enucleations. 

3. Partial division of adhesions. 

4. Severing of certain types of adhesions, namely: 
(a) Moderately thick adhesions less than 2 cm. in length (enucleation is safer). 
(b) Short, thick cone-shaped adhesions (enucleation is safer), 
(ec) Complex bands in folds. 


OPERATIVE PROCEDURE 


In the series of operations here under consideration the two-puncture technique was 
used in all but a few of the earlier cases. Adhesions were routinely severed at the parietal 
pleura either with the galvanocautery or high-frequency current. The parietal pleura 
adjacent to the attachment of the adhesion was seldom anesthetized unless enucleation 
was contemplated. 

Certain minor changes in technique have been made since the commencement of this 
series but the plan of procedure has remained the same in essentials. The patient’s roent- 
genogram is conveniently available in the operating room illuminator. The patient is 
locally anesthetized, usually in the third or fourth intercostal space in the anterior axillary 
line. A sixteen-gauge needle is introduced and through it a long loosely fitting stilette; 
in this way the presence of an underlying adhesion can usually be detected and the 
distance of the lung from the chest wall estimated. A refill of air is given before the 
trochar and cannula are inserted in order to ensure adequate space for manipulation of the 
thoracoscope. 

A complete inspection of the pleural space is made and operability of adhesions esti- 
mated. If these are readily operable they are severed. If they are not, the roentgeno- 
gram is studied to determine whether or not a major pneumonolysis is warranted. If 
pheumonolysis is decided upon, a second cannula is inserted in the most convenient in- 
tercostal space and through it is passed the instrument selected for the operation. The 
adhesions are then severed or enucleated. Bleeding areas, if any, are electrocoagulated. 
At the conclusion of the operation air is withdrawn until manometric pressures are mod- 
erately negative. The patient is then fluoroscoped in the upright position and, de- 
pending on the amount of collapse, air is added or withdrawn. A 30 per cent collapse is 
considered optimum for the average patient at this stage. 


RESULTS OF 509 OPERATIONS 1936-1943 


During an eight-year period pneumothorax was induced on 1,073 patients 
(table 1). Four hundred and fifty of these pneumothoraces were considered 
inadequate because of pleural adhesions and were inspected with the thoraco- 
scope. Thus 41.8 per cent of patients with established pneumothoraces under- 
went thoracoscopy. Forty-nine patients did not have adhesions severed and 
the remaining 401 had 509 operations. 

Of the 401 patients who had adhesions severed, 263 were far advanced, 121 
moderately advanced and 17 minimal. Sputum was positive for tubercle 
bacilli in all but 25. There were 156 male and 245 female patients; 159 patients 
had pneumonolysis on the right side and 242 on the left; 83 patients had bilateral 
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pneumothorax; 31 had bilateral pneumonolysis. Nearly 2,000 adhesions were 
severed. 

The average duration of pneumothorax before pneumonolysis was four months 
during the years 1936 to 1939. Since 1939 the interval before operation has 
gradually decreased and during the past few years has averaged slightly over 
four weeks. The majority of patients had only one operation but many had 
two or more. One of the bilateral pneumothorax patients had five operations 
on one side and one on the other. 

All types of adhesions have been severed or otherwise detached from the 
parietal pleura. For a year or more at the beginning of this series of operations 
extreme caution prevailed in selection of adhesions for operation. There followed 
a period wher. many hazardous operations were undertaken and when, as seen 
in retrospect, the indications for pneumonolysis were sometimes exceeded. It 
was during this time that the majority of serious complications were encountered. 
It was at this time also that some of the most gratifying operative results oc- 
curred. This combination of serious complications and operative success with 


TABLE 1 
Thoracoscopy data 1936-1943 


Total pneumothoraces induced 

Total thoracoscopic examinations 

Total patients examined (thoracoscopy) 
Ratio of thoracoscopy to pneumothorax 
Thoracoscopy only (no operation) 
Thoracoscopy and pneumonolysis (patients) 
Thoracoscopy and pneumonolysis (operations) 


major pneumonolysis will be discussed later. It is pertinent to state here, 
however, that the risk of complications, even when an extensive operation is 
required, is more than justifiable provided that it is considered imperative to 
improve the pneumothorax. As a result of experience gained in what might 
be termed the periods of narrow and liberal indications, respectively, the plan 
of procedure to be discussed under “Indications and Contraindications’”’ was 
evolved. 

Evaluation of the clinical results of pneumonolysis is not always a simple 
matter, especially when the tuberculosis is bilateral. In this series, for example, 
263 patients were classified preoperatively as far advanced, 83 had bilateral 
pneumothorax and 31 had bilateral pneumonolysis. Because of bilateral dis- 
tribution it is evident that the success or failure of the operation cannot be 
decided on the basis of negative or positive sputum. The clinical results sum- 
marized in table 2 are based on radiological examination combined with sputum 
results in unilateral cases but frequently on radiological examination alone in 
bilateral cases. In unilateral cases a “clinically successful’ result indicates 
cavity closure and diminution or contraction of infiltrated areas. This is 
determined in a postoperative interval of three or four months. In this interval 
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at least two consecutive concentrated sputum examinations must be negative. 
Technical results are determined at the conclusion of the operation and con- 
firmed later by films. If all adhesions have been removed the operation is 
technically successful. 

Pneumonolysis was considered technically successful in 289 of the 401 patients 
under consideration but of these only 253 had a clinically successful result; the 
remaining 36 patients were not benefited by the operation, even though a free 
collapse existed. Clinical failure in some instances was due to extensive involve- 
ment with an inadequate remaining amount of contractile lung tissue; in others 
it was due to blocked cavities. On the other hand, 52 patients classified as 
technically unsuccessful became clinically successful. Many of these so-called 
“technically unsuccessful” results could be more accurately described as “tech- 
nically successful without complete pneumonolysis.” Characteristic of this 
group is a patient with bilateral pneumothorax who had a complete pneumonoly- 
sis on one side and five operations including an extensive enucleation on the 
other. Following the final operation both pneumothoraces were free of adhesions 


TABLE 2 
Results of 609 operations on 401 patients 


Technically and clinically successful 
Technically unsuccessful; clinically successful 
Total clinically successful 

Technically successful; clinically unsuccessful 
Technically and clinically unsuccessful 

Total clinically unsuccessful 


radiologically and clinical success was abundantly clear. Because of one remain- 
ing inseparable mediastinal attachment this result falls in the technically unsuc- 
cessful class. The clinical success of this entire group of 52 patients whose 
pneumonolysis was incomplete indicates that any adhesions that remained 
were not sufficient to prevent an adequate, if not optimum, lung relaxation. 

In contrast is the group of 60 patients with technically unsuccessful operations 
and clinically unsuccessful results. In some of these an adequate lung relaxation 
appeared to have been obtained. In the vast majority of this group of 60, 
however, it was inadequate in moderate or marked degree as manifested radiologi- 
cally. It is interesting to note that there were more important complications 
with these patients than with all the remainder combined. That this should be 
so is not difficult to understand, for many major pneumonolyses were attempted, 
operations which sometimes offered only a slight hope of success. Although 
these more hazardous operations were usually undertaken when no alternative 
measure appeared indicated, yet in several instances attempts were made to 
release extensive adhesions when thoracoplasty would have been preferable. 
Extensive enucleations that required several operations fall in this category. 
Then, too, many adhesions were partially divided. In respect to these the 
partial division was at times electively undertaken but at others the impossibility 
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of complete division of an adhesion became evident only as the operation pro- 
gressed. 

It has already been stated that 31 patients underwent bilateral pneumonolysis. 
The results obtained reflect the value of pneumonolysis in a manner more 
marked than with the unilateral operation and for the reason that most of these 
patients were unsuited for any other form of treatment than bilateral pneumo- 
thorax. Twenty-three of the 30 patients had bilateral cavities and, probably 
without exception, were not good prospects for contralateral thoracoplasty, 
even though a successful unilateral pneumothorax was obtained. The remaining 
8 patients had cavitation on one side only. Clinical success was achieved 
bilaterally in 21, unilaterally in 8 and on neither side in 2. 

Results obtained by enucleation of adhesions have been included without 
special reference in the preceding paragraphs. Small enculeations require no 
further comment since these operations are of a relatively minor nature and are 
rarely associated with complications. More extensive enucleations are of 
considerable importance because such operations make it possible to remove 
otherwise inoperable adhesions and because serious complications are apt to 
occur. In this series of 501 operations, 50 moderate to extensive enucleations 
were attempted; 33 were completed and 17 were not. Clinically successful 
results were obtained in only 28, or 56 per cent. Empyema followed 6 opera- 
tions (12 per cent). This contrasts with an empyema incidence of 2.5 per cent 
(13 patients) in the entire series. Extensive enucleations, complete and in- 
complete, accordingly accounted for nearly one-half of the important compli- 
cations. 


COMPLICATIONS 


That thoracoscopy is a safe procedure is shown by the fact that complications 
were absent in the 49 patients who had this examination without severing of 
adhesions. Small transudates occurred in the costophrenic angle but in no 
case did this fluid reach the level of the dome of the diaphragm. 

It is necessary to emphasize that many of the operations in this series exceeded 
the usual indications for pneumonolysis. It is also desirable to repeat that both 
the galvanocautery and electrosurgical methods were employed. The question 
of which of these methods is superior, especially in regard to complications, is 
one that I have not been able to determine with any finality. Nevertheless I 
am fully convinced that this is a relatively unimportant matter and that the 
question of complications depends chiefly upon the types of adhesions operated 
upon and, moreover, that this in turn is dependent upon the skill and experience 
of the operator. 

The complications summarized in table 3 occurred during operation, immedi- 
ately afterwards or within three months postoperatively. Mild emphysema 
and transudates in the costophrenic angle were common and in a liberal sense 
should not be regarded as true complications. Three patients had a marked 
degree of emphysema with its attendant discomfort, notably dysphagia, but in 
each case it was possible to preserve the pneumothorax. Pleural effusion in 
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moderate amount followed 22 operations within three days to four weeks but 
no massive effusion occurred. Ten patients either lost their pneumothorax or 
had it appreciably reduced in effectiveness because of adhesive pleuritis; in all 
but 3 this complication became apparent one month or more postoperatively. 

In the table of complications “‘slight bleeding’ indicates an amount of blood 
not exceeding 30 cc.; this as such should not be regarded as a true complication. 
In actual fact no record was kept of bleeding when this was in very small amount. 
The 20 cases of slight bleeding listed in table 3 averaged approximately 20 cc. 
but here also no accurate record was kept. It is sufficient to state that the 
amount and the effect of the bleeding were unimportant. The source of the 
bleeding was more commonly from trochar trauma than from the severed ad- 
hesions. ‘Moderate bleeding” as here under consideration indicates any 
quantity up to 500 cc.; it complicated 5 operations and each of these will be 
considered individually. 


TABLE 3 
Complications—509 operations on 401 patients 


Mild (chest-wall) emphysema..... common Adhesive pleuritis 

Severe (mediastinal) emphysema. 3 Serous exudate (costophrenic 

Slight bleeding 

Moderate bleeding Serous exudate (moderate) 

Severe bleeding Serous exudate (massive) 
Purulent exudate............... 


Patient I had two moderate sized bands and five string adhesions completely severed with 
the galvanocautery. One remaining wide band in folds in the posterior apical area was 
partially severed with a resulting negligible amount of bleeding. Six hours later the 
patient was fluoroscoped because of symptoms of shock and an exudate in the lower third 
of the pleural space was observed. Thoracoscopy followed immediately and it was 
found that there was a steady dripping of blood from the parietal side of the partially 
severed adhesion. Superficial and deep electroagulation controlled the bleeding. Nearly 
500 cc. of blood was then aspirated. Progress was uneventful thereafter. 


Patient II had three moderate sized bands and five strings and cords severed with gal- 
vanocautery. The pneumonolysis was complete. Fluoroscopic examination fifteen hours 
later showed an exudate covering the dome of the diaphragm and approximately one inch 
above. Thoracoscopy established that bleeding had occurred at the site of a cannula 
puncture and that this had already ceased; 150 cc. of blood were aspirated. 


Patient III also had a complete pneumonolysis; two bands were severed with the galvan- 
ocautery. One of these was thick and short, necessitating removal of an adjacent area 
of parietal pleura in order to avoid injury to the lung. During and after the release of 
the adhesion there was a little bleeding that was controlled without difficulty. Fluoros- 
copy immediately after operation showed a small exudate in the costophrenic angle. 
On the following morning the exudate had increased and covered the dome of the dia- 
phragm. Six hours later there appeared to be no increase and thoracoscopy was not done. 
On the second postoperative day the amount of exudate was nearly doubled and tho- 
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racoscopy indicated that bleeding had recently occurred at the parietal stump of the 
adhesion that had bled during operation; 450 cc. of blood were aspirated. In the days 
following there was no further bleeding but the pneumothorax was allowed to become too 
small and an adhesive pleuritis subsequently resulted. 


Patient IV had a network of small varicose veins at the parietal pleura where five string 
adhesions were attached. There were also seven bands of moderate size in the upper 
third posteriorly and anteriorly and one larger band in folds running from the medial 
apex to the costovertebral gutter; all but the latter were severed. Because of position 
of the cannulae and adhesions the string adhesions were the last to be reached. As 
the last of these was severed close to the parietal pleura there was a sudden steady 
spurt of blood from its parietal end. As a result the thoracoscope became fouled and a 
minute or two elapsed before adequate vision was obtained. By this time the bleeding 
had considerably subsided and only light superficial electrocoagulation was necessary; 
150 ec. of blood were aspirated. 


Patient V had a partial enucleation of a short folded band. The operation was technically 
difficult and should not have been undertaken. No second operation to complete the 
enucleation was contemplated. During the first postoperative night the patient coughed 
immoderately and on the following morning an exudate in the lower third of the pleural 
space was apparent by fluoroscopy. Thoracoscopic examination showed considerable 
oozing of blood at the point where cauterization had terminated on the previous day. 
This area was electrocoagulated and 300 cc. of blood were aspirated. The pneumothorax 
was electively terminated and thoracoplasty recommended. 


In summary, then, moderate bleeding that complicated 5 operations wags 
associated with the following: 


. Partial division of a complex adhesion. 

. Damage to intercostal vessel (cannula). 

. Complete enucleation of moderate extent. 
. Varicosity of parietal pleura. 

. Partial enucleation. 


A less startling but undoubtedly a more serious complication of closed intra- 
pleural pneumonolysis is empyema. Fortunately it is a complication that need 
seldom occur if the indications for pneumonolysis are not exceeded. In this 
series it complicated 13 out of 501 operations, but the incidence would have 
been appreciably less had there been more discrimination in rejection of patients 
for operation. As may be seen, by reference to table 4, that of 8 patients who 
developed tuberculous empyema 3 had a complete pneumonolysis. 


Patient I was a young girl with far advanced bilateral disease, tuberculous enteritis and a 
preoperative temperature of 102°F. 


Patient II was a middle-aged woman who had bilateral disease of an exudative character 
with cavitation on the operative side; she also had a preoperative temperature of 102°F. 
and tuberculous enteritis. 


1 
2 
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Patient ITI had unilateral involvement: two moderately sized cavities and infiltration of an 
exudative character. Preoperative temperature was 100°F. This patient might pref- 
erably have had thoracoplasty but pneumonolysis offered the only hope for the other 2. 


Insomuch as all 3 patients had easily operable adhesions (minor pneumonoly- 
sis) it suggests that febrile patients with extensive disease and extrapulmonary 
complications are especially liable to pleural complications. 

The remaining 5 patients who developed tuberculous empyema had incom- 
plete pneumonolysis. 


Patient IV was unsuitable for thoracoplasty because of the condition of the contralateral 
lung. He had a moderately sized cavity on the operative side with infiltration of a pro- 
ductive character scattered over half the lung. Clear fluid in variable amounts had been 
present since the induction of pneumothorax three months previously. The operation 
was of a minor nature. 


TABLE 4 
Complications—13 purulent exudates 


Pneumonolysis TOTAL 


Complete} com- | partial | Number | Per cent 
plete 


Tuberculous empyema 3 2 
Staphylococcal empyema................. 0 0 
Mixed infection with bronchopleural fistula 

and spontaneous pneumothorax 0 0 


3 2 13 


Patient V should have had thoracoplasty. She had previously had a tuberculous em- 
pyema which appeared to be well controlled with oleothorax. Four readily operable 
adhesions were severed leaving one apical band. The pneumothorax became effective 
insofar as the lung was concerned but the empyema returned. Subsequent thoracoplasty 
was fortunately successful. 


The remaining three patients, (V7, VIZ and VIII) who developed this complication had 
incomplete pneumonolysis but in addition each had one adhesion partially severed. 
All were afrebile preoperatively. All were far advanced with cavitation. 


Two patients developed staphylococcal empyema. Patient IX had unilateral involve- 
ment: a moderately sized cavity in the apical area and infiltritation of an exudative 
character in the upper half. Her general condition was good and preoperative tempera- 
ture normal. One extensive band was incompletely enucleated and it was planned to 
complete the operation within a few weeks. It was not conclusively established whether 
the pyogenic complication was from within or without but the former is more probable. 
Thoracoplasty would obviously have been preferable. Patient X was similar with the 
exception that thoracoplasty was contraindicated because of the condition of the con- 
tralateral lung. 


| 3 8 1.5 
| 2 2 0.4 
| 
| 3 3 | 0.6 
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The remaining three patients developed a mixed tuberculous-pyogenic infection. Each 
of these was far advanced with bilateral disease and each had a major partial pneumo- 
nolysis. It is presumed that in each case injury to lung caused a bronchopleural fistula. 
In patients XI and XII such a fistula was demonstrated by means of injection of methy- 
lene blue and patient XIII developed a spontaneous pneumothorax with gross manifesta- 
tions of fistula. 


In summary, tuberculous empyema followed 5 minor and 3 major pneumonoly- 
ses. Significant associated factors were as follows: 


1. Preoperative fever; extrapulmonary complications. 

2. Extensive exudative tuberculosis. 

3. Concurrent pleural effusion. 

4, Preéxisting tuberculous empyema, controlled by oleothorax. 
5. Partial pneumonolysis. 


Staphylococcal empyema complicated 2 major pneumonolyses and in each 
was associated with extensive incomplete enucleation. 
Three mixed infections followed major incomplete (partial) operations. 


INDICATIONS AND CONTRAINDICATIONS 


Experience teaches that skill and judgement are of prime importance in an 
operation of this nature. Of these factors skill is more readily attained. Ade- 
quate judgment follows after several years of studying adhesions of all types and 
observing the effect of severing them; it also includes a sound knowledge of the 
treatment of tuberculosis in general and the capacity to select other forms of 
therapy in preference to pneumonolysis when this procedure is considered to be 
doubtfully beneficial or unduly hazardous. It should be accepted as an axiom 
that a difficult pneumonolysis, such as one involving an extensive enucleation, 
is acceptable only when alternate safer methods are considered inadequate. 
Restraint should be exercised with an ineffective pneumothorax of short dura- 
tion; it may be preferable to delay a major pneumonolysis for a month or more, 
possibly supplementing the pneumothorax with a crushing of the phrenic nerve 
in the meantime. Again, there should be no hesitation in terminating a non- 
essential pneumothorax if thoracoscopic examination indicates that a major 
pneumonolysis would be required to obtain an adequate relaxation. On the 
other hand, there need be no timidity about undertaking a major pneumonolysis 
if it is essential that a pneumothorax be maintained and improved, for even 
with such operations the incidence of complications is not unduly high. If a 
major pneumonolysis is undertaken, however, the surgeon should be reasonably 
sure that the operation can be completed; for not only is the partial divison of 
an adhesion potentially hazardous but also the resultant effect on the pneumo- 
thorax is usually negligible. 

In considering indications for pneumonolysis it must be remembered that 
the object of pneumothorax is the relaxation of a diseased lung and that an 
optimum relaxation cannot be obtained in the presence of restraining pleural 
adhesions. Such being the case it seems logical that all adhesions complicating 
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a pneumothorax should be severed regardless of whether or not clinical success 
appears to have been obtained. The fact that many pneumothoraces become 
effective even though adhesions are present does not refute the logic of this 
claim. The whole question of the adequacy of pneumothorax must be studied 
from a long range point of view. In this connection the observations of Hjal- 
tested and Torning (1) are most interesting. In 1939 these Danish writers 
analyzed the results of 191 pneumothoraces five years after lung reéxpansion 
and concluded that results were twice as good in cases free from adhesions. 
More than twenty years ago Jacobaeus (2) arrived at a similar opinion. 

Despite the desirability of adhesion-free pneumothorax this ideal is not always 
attainable. Moreover, under certain conditions it is not advisable to risk 
complications by attempting to rid a pneumothorax of adhesions. When, then, 
is pneumonolysis indicated and when contraindicated? The answer to this 
question hinges mainly on two factors: the extent and character of the tuber- 
culosis and the extent and character of the adhesions. In the following summary 
the term major pneumonolysis indicates that the extent and character of the 
adhesions are such that important pleural complications may be expected, 
whereas the term minor pneumonolysis indicates a comparatively safe operation 
following which complications of importance are improbable. 

1. In minimal tuberculosis minor pneumonolysis is indicated regardless of 
the effect already obtained by the pneumothorax; major pneumonolysis is not. 
If the adhesions interfere appreciably with free lung relaxation and are not 
readily operable it may be preferable to abandon the pneumothorax in favor 
of crushing of the phrenic nerve and bed-rest. 

2. In moderately advanced tuberculosis, too, minor pneumonolysis is indicated 
regardless of the effect already obtained by the pneumothorax. If, however, 
adhesions are vertical and not easily operable it may be preferable to supple- 
ment the pneumothorax with hemidiaphragmatic paralysis rather than risk 
the complications of major pneumonolysis. Although major pneumonolysis 
is usually contraindicated in moderately advanced tuberculosis there is one 
notable exception and that is when the contralateral lung requires thoracoplasty. 
In such cases it is important to obtain a free relaxation of the ipsolateral lung 
as soon as possible even though this involves a major pneumonolysis. 

3. Assuming that the indications for pneumothorax are not exceeded, minor 
pneumonolysis is usually indicated in far advanced tuberculosis. Occasionally, 
however, it is found that cavities become larger after induction of pneumothorax 
and in such cases it may be preferable to revise the treatment in favor of thoraco- 
plasty. Major pneumonolysis is usually contraindicated if the contralateral 
lung is clear or nearly so; thoracoplasty is preferable, expecially where there has 
been considerable lung destruction. 

In far advanced tuberculosis with bilateral involvement and including both 
unilateral and bilateral pneumothorax, major pneumonolysis is frequently indi- 
cated. If thoracoplasty is contemplated on the contralateral side it is important 
to obtain an adequate pneumothorax as early as possible. To effect this, a 
major pneumonolysis is warranted. If bilaterally collapsed lungs require major 
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pneumonolysis to obtain a successful clinical result this should be done. It 
should be done because the end-results of bilateral pneumothorax are unsatis- 
factory unless a concentric bilateral collapse has been obtained. Finally, major 
pneumonolysis is indicated, if necessary, to convert an inadequate pneumothorax 
when thoracoplasty already exists on the contralateral side. 

The absolute contraindications of pneumonolysis are febrile pleural effusion, 
tuberculous empyema and mixed tuberculous empyema. The presence of clear 
fluid is no contraindication, but if the effusion is recent or is accompanied by 
elevation of temperature it is desirable to postpone operation for at least one 
month after acute manifestations have subsided. In the presence of a pro- 
gressive adhesive pleuritis pneumonolysis is usually contraindicated because 
of the impossibility of obtaining a free lung relaxation. 

Other tuberculous complications do not contraindicate operation, but the 
likelihood of pleural reactions is probably increased when such extrapulmonary 
complications exist. The same may be said of the febrile patient and for this 
reason pneumonolysis, whether minor or major, should be delayed if tempera- 
ture is 101°F. of more. 

Finally, the partial division or the partial enucleation of an adhesion should 
be avoided. A partial pneumonolysis is usually permissible only when a second 
or third operation is planned to complete the release of the adhesion. 


SUMMARY AND CONCLUSIONS 


1. The indications and contraindications of closed intrapleural pneumonolysis 
have been described. 

2. Conclusions reached are based on results of 509 operations on 401 patients. 
These results have been discussed. Particular attention has been given to 
complications. 

3. With certain reservations, adhesions should be routinely severed within 
four weeks of the induction of pneumothorax in order to obtain an early and 
optimum lung relaxation. 

4. Minor pneumonolysis (easily severed adhesions, small enucleations) is a 
procedure that is attended with little risk of complications. 

5. Major pneumonolysis (complex adhesions, extensive enucleations) carries 
with it the danger of serious pleural complications. Nevertheless, if it is essen- 
tial that a pneumothorax be maintained and improved, it is a warranted 
procedure. 

6. Thoracoplasty is preferable to pneumothorax plus pneumonolysis where 
there is extensive lung destruction and a clear contralateral lung. 


SUMARIO Y CONCLUSIONES 


1. Describense las indicaciones y contraindicaciones de la neumonolisis intra- 
pleural cerrada, basdndose las conclusiones en el resultado de 509 operaciones 
en 401 enfermos y dedicandose atencién cuidadosa a las complicaciones. 

2. Con ciertas reservas deben resecarse sistemdticamente las adherencias en 
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término de cuatro semanas del establecimiento del neumotérax, a fin de obtener 
una dilatacién pulmonar temprana y déptima. 

3. La neumonolisis menor (adherencias faciles de desprender, enucleaciones 
pequefias) constituye un procedimiento que entrafia poco peligro de complica- 
ciones. 

4. La neumonolisis mayor (adherencias complejas, enucleaciones extensas) 
entrafia el peligro de producir complicaciones pleurales graves, pero est justifi- 
cada si es indispensable mantener y mejorar un neumotérax. 

5. Cuando hay extensa destruccién pulmonar y un pulmén contralateral 
despejado, la toracoplastia es preferible al neumotérax mds la neumonolisis. 
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DIAPHRAGMATIC PARALYSIS AND PNEUMOPERITONEUM! 
Therapeutic Observations in White Patients 
HORACE E. CROW ann FRED C. WHELCHEL 


We have used the combination of temporary phrenic nerve interruption and 
pneumoperitoneum in the treatment of 546 white patients with reinfection type 
pulmonary tuberculosis. There have been 23,823 refills. 

Every effort has been made to exclude patients with nontuberculous disease 
from this series. The time lag, which averaged several weeks between the X-ray 
film on application of the patient and his Sanatorium admission, has been of 
considerable help in ruling out acute nontuberculous conditions. It is particu- 
larly believed that no case of lung abscess, bronchiectasis, virus pneumonia, 
fungus disease, silicosis, bullous emphysema, sarcoid or neoplasm has been 
included. Patients with these conditions are constantly admitted to the Sana- 
torium for study and diagnosis, and all such have been carefully excluded. 
Tubercle bacilli have been found in every case that had cavity demonstrable 
by X-ray. 

All cases in this series with negative sputum were positive to 0.1 mg. of Old 
Tuberculin, and all but 5 of these had intimate contact with known open cases 
of pulmonary tuberculosis. A Fontana stain and a culture on Sabouraud’s 
media were done routinely in all sputum-negative patients. If direct sputum 
smears were negative for tubercle bacilli, three concentrations were done. If 
these were negative, culture and guinea pig inoculation followed. In every 
case in which a satisfactory sputum specimen was not obtainable, a culture or 
guinea pig inoculation of the concentrated gastric contents was done. 

In evaluating the statistical data it is important to bear in mind that the 
majority of the cases in this series had far advanced tuberculosis and that many 
had either a poor or extremely poor prognosis. Table 1 shows that, of the total 
number of 546 patients, 349, or 63.9 per cent, were far advanced; 188, or 34.4 
per cent, were moderately advanced and 9, or 1.6 per cent, were minimal. The 
prognosis was considered from poor to extremely poor in 321, or 58.7 per cent; 
questionable in 163, or 29.8 per cent; and good in 62, or 11.3 per cent. One 
hundred and thirty patients, or 23.8 per cent, had one or more serious tuber- 
culous complications when the collapse treatment was begun. Eighty-seven, 
or 15.9 per cent, had thick-walled cavities and an excessive amount of fibrosis. 
Pneumothorax was tried first and found either impossible or unsatisfactory in 
175 of the patients; in some of these a mechanically satisfactory collapse could 
have been obtained had inadvisable extensive pneumonolysis operations been 
done. 

In addition to the 546 cases, our records show that pneumoperitoneum was 
started in 27 other patients who received only a few refills after its induction. 
These 27 patients were not considered in our statistical study because they 


1 From the Georgia State Tuberculosis Sanatorium, Alto, Georgia. 
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definitely did not give pneumoperitoneum anything like a fair trial. Twenty-one 
of this group left the Sanatorium against medical advice soon after pneumo- 
peritoneum was started. The other 6 were of the extremely nervous type and 
for various reasons felt that they could not continue refills. 

The factors chosen for evaluating this form of treatment were the classification 
of disease, the observation time, the number of cavity closures and sputum 


TABLE 1 


What has happened to the 546 cases who have or have had treatment with phrenic nerve 
interruption and pneumoperitoneum 


TREATMENT | TREATMENT UNAC- : TREATMENT 
wom DISCON- DISCON- TERMINATED 
CLASSIFICATION ER | TINUED AS |TINUED For | COUNTED 
OF CASES FOR (NO 
UNSATIS- | THORACO- | Act) 
FACTORY PLASTY 


AS APPAR- 
ENTLY SUC- 
CESSFUL 


0 0 0 
Moderately advanced.... 3 0 44 


Far advanced............ 16 18 30 


* Cavities have reopened in 2 of these cases. See table 7. 


TABLE 2 
The number of positive and negative sputa and the number and percentage of sputum 
conversions, according to classification, in the entire series of 546 cases treated with 
phrenic nerve interruption and pneumoperitoneum 


SPUTUM BEFORE 
NUMBER TREATMENT 
OF CASES 


NUMBER PER CENT 
OF CON- OF CON- 
VERSIONS VERSIONS 


CLASSIFICATION 


Positive | Negative 


Minimal | 9 0 | 0 


Moderately advanced 97 83.6 


| 
| 


465 | 8 265 56.9 


conversions, the number showing either marked retrogression or complete 
disappearance of exudative lesions, and the incidence of complications. 

It is shown in table 2 that 465, or 85 per cent, of the tottal number of patients 
had a positive sputum at the time treatment by phrenic paralysis and pneumo- 
peritoneum was instituted. It may seem as if the remaining percentage of 14.8 
with negative sputum is rather high when only 9, or 1.6 per cent, are classified 
as minimal. However, there is some latitude as to what lesions may properly 
be classified as minimal and what as moderately advanced. Our cases classified 
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as minimal have not only been made to meet the total extent limitation, but 
also possibly a somewhat restricted opinion as to what constitutes slight lesions. 
National Tuberculosis Association Standards as to classification and clinical 
status have been used throughout this article. 

Four hundred and fifty-six patients, or 83.5 per cent, had demonstrable pul- 
monary cavitation when treatment was begun. Of the 456 with cavitation, 
331, or 72.5 per cent, had excavation in one lung; 125, or 27 per cent, had one 
or more cavities in each lung. Simultaneous bilateral phrenic paralysis was 
done in no case, but in 30 instances the nerve on the opposite side was crushed 
after regeneration of the nerve first interrupted had taken place. In 59 cases 
the cavity size was 2.5 em. or less; in 141 the cavity diameter was 2.5 to 4 cm.; 
256 patients had cavities which ranged in diameter from 4 to 12cm. All roent- 
genograms were made with a tube distance of 6 feet. 

In the follow-up study for evaluation of this therapy, it was found that 18 
of the total number of 546 cases could not be traced. This leaves 528 who were 
traced, and 436 of these had cavitation at the time the collapse treatment was 
started. In these 436 cases with excavation, in whom phrenic paralysis and 
pheumoperitoneum is either being continued or has been terminated, 276, or 
63.3 per cent, show apparent closure of all cavities; in 160, or 36.6 per cent, 
roentgenograms show that all cavities are not closed. It was found that closure 
of cavities in the base occurred only 5 per cent more frequently than in the apex 
and only 1 per cent more frequently in the middle third than in the apex. Taking 
into consideration that, as usual, more thick-walled cavities were present in 
the apex than elsewhere, it seemed that cavities of comparable character closed 
just as readily in the apex as in any other part of the lung. Of the 528 cases 
who were traced, 120 show definite clearing of the infiltrative shadows; 207 show 
marked clearing and 69 have had a complete disappearance of abnormal shadows. 
In 22 patients the X-ray appearance is unchanged and in 32 the lesions are now 
progressive. Seventy-three of the 78 patients who died had progressive pul- 
monary lesions. 

Table 1 is an abbreviated presentation of what has occurred in the 546 cases 
who had phrenic nerve interruption and who, except the 18 cases unaccounted 
for, have given or are giving pneumoperitoneum a fair trial. This table shows 
that pneumoperitoneum was discontinued as unsatisfactory in 19 cases. Six 
of these 19 had extensive productive lesions, 4 had considerable abdominal 
pain, apparently due to subdiaphragmatic adhesions, and 9 were discontinued 
in order to have a trial of pneumothorax. Although the collapse was considered 
unsatisfactory in all 19 cases, 13 showed improvement at the time pneumoperi- 
toneum was discontinued, while 6 were unimproved. 

In the group of 78 dead, one patient had quiescent disease and died by suicide. 
Two died of tuberculous meningitis; in one of these the pulmonary condition 
was unimproved, but the other showed 50 per cent clearing of the infiltrative 
shadows and apparent closure of a 4 cm. cavity within six weeks after the 
collapse was begun. One patient who had a 5 cm. cavity in the hilum, which 
was reduced to 2 cm. in diameter in eight weeks, died suddenly of pulmonary 
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hemorrhage. Another patient who had a 10 cm. tension cavity died suddenly 
of pulmonary hemorrhage after the cavity had shrunk to only 1 cm. in diameter; 
this patient had a Monaldi procedure in conjunction with phrenic paralysis 
and pneumoperitoneum. ‘Two of the 3 patients who had severe silicosis as a 
complication are dead and the other is worse. One patient died of carcinoma 
of the uterus. 


TABLE 3 


Nine minimal cases still under treatment with phrenic nerve interruption and 
pneumoperitoneum 


SPUTUM BEFORE 
TREATMENT PRESENT CLINICAL STATUS 


OBSERVATION TIME UNDER 
TREATMENT Apper- 


Quies- Unim- 
Positive | Negative enue cent Improved proved 


2to 3 months 0 0 0 1 
3 to 6 months 0 0 4 0 
6 to 12 months 0 1 0 0 


TABLE 4 


One hundred and forty moderately advanced cases still under treatment with phrenic nerve 
interruption and pneumoperitoneum 


SPUTUM BEFORE 
TREATMENT PRESENT CLINICAL STATUS 


OBSERVATION TIME UNDER 
TREATMENT OF CASES 
Appar- 


Positive} ently 
arrested 


Quies- | Im- | Unim- 
cent | proved | proved 


2to 3 months 21 71.4 1 
3 to 6 months 4 100.0 
6 to 12 months 21 76.0 
12 to 18 months 21 80.9 
18 to 24 months 14 92.8 
24 to 30 months 9 77.7 


It is realized that the time element is very important in evaluating any form 
of pulmonary collapse, and in this connection one may question the justification 
for including in tables 4 and 5 the two groups who have had treatment from 
two to three months and from three to six months, respectively. The percentage 
of sputum conversions in these groups seems to be sufficient grounds to warrant 
their inclusion; however, the percentage of conversions in these groups does 
not and cannot represent either the average or the actual length of time required 
to effect a conversion in the other cases. It will be seen in these same tables 
that the number and percentage of conversions are placed opposite or on the 
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same line as ‘Observation Time under Treatment.”’ This does not necessarily 
mean that the time required for sputum conversion is the same as the ‘‘Observa- 
tion Time under Treatment.” Our records show that 70 per cent of the sputum- 
positive patients that ultimately became negative did so within the first six 
months of treatment. For instance, table 5 shows that 13 cases, or 44.8 per 
cent, of the 29 sputum-positive cases who have had treatment only two to three 
months have become negative. These 13 conversions may well represent 70 
per cent of all that will ultimately become negative in this group. 

The total number and percentage of sputum conversions in the 465 sputum- 
positive cases shown in table 2 may at first give the impression of poor results. 
But when it is remembered, as stated above, that 349 patients (table 1) were 


TABLE 5 


One hundred and ninety-one far advanced cases still under treatment with phrenic nerve 
interruption and pneumoperitoneum 


PRESENT CLINICAL STATUS 
OBSERVATION TIME UNDER ee 
TREATMENT A 
.| Nega- Quies- | Im- 
Positive ently | “Cent proved 


tive arrested 


2to 3 months 29 1 


3to 6 months 

6 to 12 months....... 
12 to 18 months....... 
18 to 24 months 

24 to 30 months....... 
30 to 36 months 

Sto 4 yeare......... 
4to 5 years......... 
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far advanced and that 321 had either a poor or extremely poor prognosis, the 
conversion rate is much better than we had expected. 

Of the 30 far advanced cases in whom treatment was terminated as apparently 
satisfactory (table 7), the cavity reopened in 2. In this connection it is readily 
conceded that the cavity or cavities may reopen or new areas of infiltration 
may occur in some of the other cases, particularly in those who have been under 
observation only a few months. But so far, the other 28 far advanced cases, 
as well as the 44 moderately advanced cases shown in table 6, have continued 
to do well. The collapse treatment has not been terminated in any of the 9 
patients with minimal tuberculosis. 

We have not found the procedure of pneumoperitoneum a formidable one. 
The following are the essentials of the procedure of initiating pneumoperitoneum 
and giving refilis. Sterilize the skin in the usual way. Use the same needles 
employed in giving artificial pneumothorax. Anesthetize a needle tract in 
the abdominal wall; a site about two or three inches below the left costal margin 
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and just lateral to the border of the rectus muscle has usually been found satis- 
factory. Introduce the point of the larger needle into the peritoneal cavity; 
the hollow abdominal viscera are not easily punctured, even with sharp needles. 
Pull back the syringe plunger in order to be sure the needle is not in a blood 
vessel. With light pressure on the plunger introduce 2 or 3 cc. of air; if this 
goes in easily and freely, connect the needle with the pneumothorax apparatus. 


TABLE 6 


Forty-four moderately advanced cases in whom collapse treatment has been terminated as 
apparently satisfactory 


SPUTUM PRESENT CLINICAL STATUS 


LENGTH OF OBSERVATION | 
TIME SINCE TERMINATION OF CASES Before treatment Converted Still Appar- | Appar- 
OF PNEUMOPERITONEUM during aeuntive ently Arrested ently 
Positive | Negative | treatment € cured arrested 


6 months.... 
6 to 12 months.... 
12 to 18 months.... 
18 to 24 months.... 
27 months.... 
3 yeers....:. 


oo an 


19 


TABLE 7 
Thirty far advanced cases in whom collapse treatment was terminated as apparently satisfactory 


SPUTUM PRESENT CLINICAL STATUS 


LENGTH OF OBSERVATION Before treatment} Con- At present 
TIME SINCE TERMINATION OF PNEU- verted 
MOPERITONEUM during Still 
Nega- | treat- - | nega- 
tive ment tive 


cent 


rested 


| Quies- 


6 to8 months 2 2 0 
1 to2 years 14 
to 2} years 1 12 


9 
2 
23 : 


28 


* Cavities have reopened in these 2 cases. 


Open and immediately close the stopcock which controls the air flow. If the 
air is not going in freely there wil! be an excessively high positive manometric 
reading and probably pain. If these are not present the introduction of air 
may be continued. Fluctuations of the manometer are not so readily obtained 
in pneumoperitoneum as in pneumothorax, but neither are they so necessary. 
The principal objective, of course, is that the air freely enters the peritoneal 
cavity, and this is known by the absence of an excessively high manometric 
reading. Unnecessary lengths of time need not be consumed in attempts to 
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obtain free fluctuations since it is possible without them to know that air is 
freely entering the peritoneal cavity. 

The procedure of initiating pneumoperitoneum and giving refills is believed 
to be much less dangerous, and certainly is more readily learned, than is that 
of pneumothorax. At present, when excessive collapse is avoided and selective 
and bilateral pneumothorax are common, considerable care has to be exercised 
with refills in order not to perforate the lung. Pneumoperitoneum of course 
should not be done without due care, but with only a moderate amount of 
familiarity with the method it can be done as rapidly and more confidently 
than pneumothorax. Serious accidents undoubtedly could occur as the result 
of ineptness in attempts to introduce air into the peritoneal cavity, but such 
accidents should be considered in the same light as the many which have occurred 
for the same reason in giving pneumothorax. Since pneumoperitoneum refills 
require larger amounts of air, usually about 800 to 1,000 cc. a week, the per- 
formance is considerably facilitated if the proper bottle of the pneumothorax 
apparatus is elevated to about the limit of the height of an ordinary irrigation 


stand. 
Pneumoperitoneum should be as diligently given and as persistently followed 


as is done in either pneumothorax refills or a series of thoracoplasty operations. , 


It is our belief that, to expect full benefit, the paralyzed half of the diaphragm 
should be elevated, if possible, to about the level of the third anterior interspace, 
and kept there throughout treatment. However, many respond satisfactorily 
with less elevation while some may require more. Extensive subdiaphragmatic 
adhesions may so greatly limit the rise of the diaphragm that pneumoperitoneum 
is ineffectual. 

Pneumoperitoneum has not been found to cause any more discomfort, in 
either bed or ambulatory patients, than artificial pneumothorax. We do not 
feel sure of its value, but practically all of our patients have worn an abdominal 
supporter. In order to avoid a slight feeling of emptiness in the abdomen as 
air is absorbed between refills, patients will gradually tighten the belt; this 
practice may be of some value in maintaining a more or less constant intra- 
abdominal pressure. The use of a supporter is desirable from an esthetic 
standpoint. 

From our experience we believe that pneumoperitoneum should be established, 
if possible, before the phrenic nerve is interrupted. This order of procedure 
enables one to determine, first of ail, whether the establishment of pneumo- 
peritoneum is possible and whether there is likely to be a satisfactory rise of 
the diaphragm. Subdiaphragmatic adhesions, and even the evidence of basal 
pleural adhesions, can be revealed by inflating the peritoneal sac. Either one 
or both of these conditions may prevent a satisfactory pneumoperitoneum by 
a poor rise of one or both halves of the diaphragm. If it is decided that a 
satisfactory rise of the diaphragm is not going to be attained, and if another 
form of collapse is contemplated, especially thoracoplasty, an interrupted 
phrenic nerve would not be desirable. In patients with lesions of like character 
and equal extent in each lung, there is often some doubt as to which half of the 
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diaphragm should be paralyzed. Because of the information pneumoperitoneum 
reveals in regard to adhesions, better results will frequently be obtained in such 
cases if the decision as to which phrenic nerve should be interrupted is postponed 
until after the pneumoperitoneum is established. 

Special pains should be taken in crushing the phrenic nerve in order that the 
resulting paralysis may be temporary and not permanent. At this time, per- 
mament paralysis has apparently occurred in 5 per cent of the cases presented 
in this series. Because of the smaller amount of trauma and scar tissue forma- 
tion, we are of the opinion that there is less likelihood of permanent paralysis 
if a short longitudinal slit is made in the nerve sheath and only the nerve is 
lifted up and crushed or cut in two, rather than if both the sheath and nerve 
are crushed. 

One of our chief reasons for using phrenic paralysis and pneumoperitoneum 
in cases that formerly would have been considered ideal for pneumothorax, 
and in many instances where thoracoplasty seemed to be the only choice of 
treatment left, is the extremely low incidence of complications. The only 
serious complication we have seen has been tuberculous peritonitis with ascites. 
This occurred in 5 patients, or 0.9 per cent. One recovered and 4 who had 
this complication died. Whether or not the further use of pneumoperitoneum 
will show that the low incidence of this serious complication will continue is 
our chief concern, as it seems to us that it is on the incidence of this complication 
that a final evaluation of this form of collapse treatment will be determined. 
There have been no deaths, accidental or otherwise, resulting from the procedure 
of pneumoperitoneum. Less than 2 per cent developed an emphysematous 
type of inguinal herniation. In every case the hernia was reduced, a truss 
fitted and treatment continued. Because of the possibility of this complication, 
it is advisable to have a truss adjusted on all prospective pneumoperitoneum 
patients who have a definitely relaxed ring. Pneumoperitoneum is not neces- 
sarily contraindicated in ruptured patients, but of course a truss should be 
properly fitted before treatment is started. 

Our experience has led us to believe that phrenic nerve interruption and 
pneumoperitoneum can be effective in a much larger number of patients than 
any other one method of collapse therapy. This statement calls for some 
appraisal of artificial pneumothorax. We have employed pneumothorax in 
treating 2,784 patients. All known procedures for obtaining a satisfactory 
collapse, such as pneumonolysis, have been readily available, as have all other 
collapse measures. One patient died suddenly of air embolism as the result of 
a refill. There has been no other immediate or early death from an accidental 
cause. Our patients with pneumothorax have had the usual number of more 
or less serious late complications. The serious late complications and sequelae 
encountered in the treatment of tuberculosis with pneumothorax haveentailed 
a vast amount of work in trying to cure the complication or to prepare the 
patient for some other form of collapse therapy. Such rather formidable pro- 
cedures as aspiration, irrigation, oxygen lavage, open drainage, tidal irrigation, 
oleothorax and thoracoplasty have not always provided the answer for an 
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unexpandable lung, bronchopleural fistula and empyema with great pleural 
thickening. 

It is clearly evident that pneumothorax has been widely misused and improp- 
erly managed, but all of the difficulties encountered cannot be attributed to 
its haphazard use. The reasons why the results have been unsatisfactory in.a 
large percentage of patients are now generally known. There are adequate 
grounds for some difference of opinion as to what constitutes the misuse of 
pneumothorax, but any collapse therapy that is either satisfactory in only a 
very limited number of patients, or is so frequently followed by serious compli- 
cations when used in patients with more extensive disease, certainly leaves a 
great need for some other form of temporary collapse. We believe that, if the 
combination of phrenic nerve interruption and pneumoperitoneum is a part 
of the collapse treatment, the necessity for making many difficult and question- 
able decisions in regard to the use of pneumothorax will be avoided. 

Many recoveries have occurred as a result of permanent phrenic paralysis, 
since avulsion of the nerve frequently resulted in sufficient immobility and 
pulmonary collapse. However, we abandoned this type of treatment ten years 
ago because there was a permanent loss of too much lung volume, and other 
forms of treatment, later found to be indicated in some patients, were impos- 
sible. Phrenic nerve interruption has been employed by us in 1,915 patients 
with benefit to many, but too often a temporary phrenic nerve interruption 
alone gives neither enough collapse nor limitation of motion. This also is true 
of pneumoperitoneum, and it is our opinion that only rarely is either procedure 
alone justified. 

Since learning to give due attention to essential preoperative and postoperative 
details and not removing too many ribs at one operation, thoracoplasty is now 
performed with low operative mortality. It is sufficiently safe that there is 
no hesitancy in employing it when indicated; of course some cavities cannot be 
closed by this method regardless of the amount of bone removed, and in prac- 
tically every case important amounts of functioning lung are permanently 
collapsed. The limitations of other forms of treatment of pulmonary tuber- 
culosis are generally conceded. The indications, contraindications and man- 
agement of pneumothorax and thoracoplasty are now reasonably well understood 
and we still find a tremendous number of patients who are not suitable for 
either of these forms of treatment. Our experience with temporary phrenic 
nerve interruption and pneumoperitoneum has led us to the conclusion that 
this method is capable of effecting a cure in a large percentage of these patients 
who unquestionably are not suitable either for pneumothorax or for thoraco- 
plasty, and that it will make suitable for thoracoplasty a considerable number 
not likely to become so without some form of preliminary collapse. 

When artificial pneumothorax has been decided upon as the treatment of 
choice but is found to be impossible or inadvisable on account of adhesions, we 
are of the definite opinion that thoracoplasty should not be resorted to immediate- 
ly. That is, of course, provided that the lesions are largely exudative and that 
cavities have thin or moderately thin walls. The use of phrenic nerve inter- 
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ruption and pneumoperitoneum will effect a complete cure in many such patients 
without the necessity of resorting to thoracoplasty. 

In the absence of extensive fibrosis, thin or moderately thin walled cavities 
not favorably influenced by phrenic nerve interruption and pneumoperitoneum 
are strong presumptive evidence that they are of the tension type. Prolonged 
continuation of pneumoperitoneum, in the hope that tension cavities will even- 
tually close, is usually useless. Our experience in the use of the Monaldi pro- 
cedure in conjunction with pneumoperitoneum is limited, but we believe it is 
often preferable, particularly in patients with large tension cavities and extensive 
exudative lesions, to continue pneumoperitoneum in conjunction with a Monaldi 
procedure, rather than to abandon it and perform thoracoplasty. Even large, 
thick-walled tension cavities can, at least, be reduced in size by use of the Monaldi 
procedure and pneumoperitoneum, provided there is a sufficient amount of 
reasonably elastic adjacent lung tissue. Ifa thoracoplasty eventually is required 
it likely will be much less extensive than if it had beer done in the first place. 

Knowing some of the reasons for the beneficial effects of collapse in the treat- 
ment of pulmonary tuberculosis, it seems logical that temporary phrenic nerve 
interruption and pneumoperitoneum would be of value. In the first place 
the amount of reduction of lung volume that can easily be obtained with this 
method is as great as that usually desired in pneumothorax. The most casual 
comparison, by fluoroscopic examination, of patients with pneumothorax with 
those who have phrenic nerve interruption and pneumoperitoneum will show 
that those with pneumothorax have a tremendously larger amount of respiratory 
motion. Of course, pneumothorax patients with excessive collapse or greatly 
thickened pleurae have little if any respiratory motion, but the possible con- 
sequences of such conditions take them out of the satisfactory group. In the 
presence of phrenic paralysis and pneumoperitoneum, the paralyzed half of 
the diaphragm will be seen to be practically if not entirely immobile. The lung 
is compressed into the upper portion of the thoracic cage where there is very 
little costal movement. The basic factors of reduction of lung volume and 
limitation of respiratory motion are accomplished without the separation of 
the lung from any of its protective surrounding structures; and the complications 
due to air in the peritoneal cavity in no way are comparable in frequency, and 
extremely rarely in seriousness, with those encountered with air in the pleural 
cavity. 

It is an easy matter to follow the progression or the retrogression of lesions 
as revealed by serial X-ray films in patients on bed-rest alone. But during the 
course of treatment with pneumothorax or after a thoracoplasty has been done 
the X-ray film does not reveal so clearly what is taking place in previously 
known areas of disease. It is true that one usually can determine when cavities 
are closed and areas of infiltration are well collapsed, but it is difficult if not 
impossible to determine by X-ray films when healing has taken place. On the 
other hand, the X-ray film reveals lesions and their changes, if any, during the 
period of collapse with pneumoperitoneum just as clearly as it did before treat- 
ment was started. This is accounted for by the fact that atelectatic areas are 
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rarely seen and the lung has the appearance of being well ventilated. Being 
able to see almost if not exactly what is taking place in the lung during the period 
of collapse is of tremendous value in deciding when treatment can safely be 
terminated. Incidentally, it seems that pneumoperitoneum may be terminated 
as rapidly asis desired. In most of our patients in whom it has been terminated, 
refills were simply discontinued and no undesirable effects have been observed.. 

Following the termination of collapse there is believed to be a maximum, or 
at least a satisfactory, restoration of original lung volume and function. There 
is either a minimum or no permanent loss of good lung tissue provided a per- 
manent paralysis of the hemidiaphragm is avoided. There is no evidence, 
either from physical or X-ray examination, that the patient has ever had collapse 
therapy at all. The belief that maximum lung volume and function are restored 
after treatment has been discontinued is based only on the appearance of the 
roentgenogram. ‘The X-ray films show the diaphragm back in approximately 
the same position as before treatment; they show no unexpandable lung, no 
contraction of the bony framework of the chest, no distortion or displacement 
of the mediastinal structures, no thickened pleurae and no small or greatly 
contracted lung. 

The most important criterium by which the value of any collapse therapy is 
judged is by its ability to close cavities and convert sputum, and to do so with 
the least likelihood of serious complications or sequelae, and with the maximum 
conservation of normal lung tissue. These are the criteria upon which we 


have chiefly based our present appraisal of temporary phrenic paralysis and 
pneumoperitoneum in the treatment of pulmonary tuberculosis. We have been 
forced to the conclusion that, unless further experience reveals some results not 
heretofore seen, the wide-spread proper use of temporary phrenic nerve inter- 
ruption and pneumoperitoneum will mark a much greater advance in the treat- 
ment of pulmonary tuberculosis than did the beginning of the extensive employ- 
ment of artificial pneumothorax. 


SUMMARY AND CONCLUSIONS 


The results in treating 546 patients with pulmonary tuberculosis by the 
combination of temporary phrenic nerve interruption and pneumoperitoneum 
have been presented. The technique of the procedure of pneumoperitoneum 
has been outlined. The complications encountered have been enumerated. 
The advantages of phrenic paralysis and pneumoperitoneum, as compared with 
other forms of collapse therapy, have been discussed. 

Although the prognosis in this series was poor or extremely poor in 58.7 per 
cent, questionable in 29.8 per cent and good in only 11.3 per cent, apparent 
closure of all cavities has been attained in 63.3 per cent of the cases and con- 
version of the sputum has occurred in 56.9 per cent. Serious complications 
have been infrequent. 

The combination of temporary phrenic nerve interruption and pneumoperi- 
toneum apparently is a reasonably satisfactory method of collapse in patients 
with pulmonary tuberculosis of all classifications, provided the lesions are not 


nts 

ies 

m 

zed 

ro- 

is 

ve 

Idi 

ze, 

di 

of 

ed 

e. 

it- 

ye 

ce 

is 

al 

th 

y 

of 

ig 

d | 

d 

il 

s 

e 

t 

e 

| 


378 HORACE E. CROW AND FRED C, WHELCHEL 


old and rigid. However, in some patients who have both productive and 
exudative lesions, the method is of value as a preparatory treatment for thoraco- 
plasty. 

A fairly large number of patients who ordinarily would have a thoracoplasty, 
with the consequent permanent loss of important amounts of functioning lung, 
can be cured by phrenic paralysis and pneumoperitoneum without sacrificing 
practically any normal lung tissue. 

Satisfactory results can be obtained by the use of phrenic paralysis and 
pneumoperitoneum in a considerable number of patients with most extensive 
exudative lesions and pleural adhesions, and in whom no other collapse measure 
is possible or indicated, and in whom bed-rest or any other form of therapy would 
in all probability be inadequate. 

The employment of phrenic paralysis and pneumoperitoneum makes it pos- 
sible to confine the use of artificial pneumothorax to those patients with very 
limited lesions and with few if any adhesions, and without denying the benefits 
of temporary collapse therapy to those with more wide-spread involvement of 
the lungs and extensive adhesions. 


SUMARIO Y CONCLUSIONES 


En este trabajo expénese el resultado obtenido en 546 tuberculosos pulmonares 
tratados mediante la combinacién de la interrupcién temporal del frénico y el 
neumoperitoneo, describiéndose la técnica de este tiltimo procedimiento y las 


complicaciones observadas. También se comparan las ventajas de la paralisis 
del frénico y del neumoperitoneo con las de otras formas de colapsoterapia. 

Aunque el pronéstico en esta serie era sumamente malo en 58.7%, dudoso en 
29.8% y bueno en sdlo 11.3%, obttivose cierre aparente de todas las cavernas en 
63.3% de los casos y conversién del esputo en 56.9%. Las complicaciones 
graves fueron raras. 

La combinacién de la interrupcién temporal del frénico y del neumoperitoneo 
representa aparentemente un medio razonablemente satisfactorio para obtener 
el colapso en los tuberculosos pulmonares de todas clases, con tal que las lesiones 
no sean antiguas y rigidas. Sin embargo en algunos enfermos que muestran 
lesiones tanto htimedas como exudativas, la técnica resulta de valor como trata- 
miento preparatorio para la toracoplastia. 

Un ntimero bastante crecido de enfermos en los que se haria habitualmente 
una toracoplastia, con la consiguiente pérdida permanente de porciones impor- 
tantes de pulmén funcionante, puede curarse por medio de la pardlisis del frénico 
y del neumoperitoneo sin apenas sacrificar tejido pulmonar normal. 

Mediante el empleo de la pardlisis del frénico y del neumoperitoneo pueden 
obtenerse resultados satisfactorios en un ntimero considerable de enfermos que 
muestran lesiones exudativas y adherencias pleurales muy extensas, y en los 
que noes posible ni est4 indicada otra medida de colapso y en los que el reposo 
en cama u otra terapéutica resultaria con toda probabilidad inadecuado. 

El empleo de la pardlisis del frénico y del neumoperitoneo permite restringir 
el empleo del neumotérax terapéutico a los enfermos con Jesiones limitadisimas 
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sin excluir del beneficio de la colapsoterapia temporal a los que muestran inva- 
sién mas difusa de los pulmones y extensas adherencias. 


Note: In the elimination of nontuberculous disease we are indebted to Dr. David T. 
Smith of Duke University for generous assistance in the confirmation and identification of 
fungus organisms. Dr. Robert C. Major of the University of Georgia School of Medicine 
has been of invaluable aid by doing the indicated bronchoscopic work. 
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PNEUMOPERITONEUM AND DIAPHRAGMATIC PARALYSIS! 
Therapeutic Observations in 110 Negroes 


NORMAN LaRUE ANDERSON? anno WILLIAM DOUGLAS WINN 


INTRODUCTION 


The history of pneumoperitoneum and phrenic nerve crush as a treatment of 
pulmonary tuberculosis has been adequately covered in earlier publications 
by various authors. In some institutions this form of therapy has been accepted 
as a useful procedure in the treatment of tuberculosis. In other institutions 
pneumoperitoneum is not regarded as worth while, except in a very limited num- 
ber of cases. Because we* feel that this form of therapy has such a definite 
indication in the treatment of a large number of tuberculous patients, and since 
it appears that it is not being used to full extent throughout the country, we are 
recommending its further use in properly selected cases. 

It has been our feeling that one of the reasons that many doctors throughout 
the country are opposed to pneumoperitoneum as a therapeutic approach to 
tuberculosis is that they have not tried it themselves in a sufficient number of 
cases. Another very important reason is the failure to recognize that both 
hemidiaphragms must be pushed upward to the point of tolerance of the patient. 
Unless a maximum dose of air is given, a maximum response to therapy cannot 
be expected. It has been perfectly obvious in some of our cases that maximum 
response has not been attained, since, when refills of air are increased, the lung 
disease responds more favorably than previously. Unlike artificial pneumotho- 
rax this therapy must first overcome the resistance of the diaphragm before lung 
volume can be decreased. 

Several physicians have visited this institution in the past three years. Almost 
invariably they are initially skeptical about the use of pneumoperitoneum and 
phrenic nerve crush in the treatment of tuberculosis. Most of these physicians 
have looked through our files of X-ray films and seen the patients receiving this 
form of therapy. Not one has gone away without being enthusiastic over the 
apparent good results which are being obtained. 

In a previous report, Crow (1) has covered the results of pneumoperitoneum 
and phrenic nerve crush in 154 white patients receiving this form of treatment in 
this institution. Our report seeks to cover the results of the same treatment in 
all colored patients here. The results have been remarkably similar and we feel 
that there is appreciably no significant variation in response to this type of 
therapy in the white and colored races. The striking results at this institution 
have already been heralded by such a seasoned thoracic physician as Holmes who 


1 From the State Tuberculosis Sanatorium, Alto, Georgia. 

* Western North Carolina Sanatorium, Black Mountain, North Carolina. 

3 The Sanatorium staff. The authors are indebted to all the physicians at the Georgia 
State Sanatorium and to Dr. Max Pinner for kind criticism and advice during the prepa- 
ration of this paper. 
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sees and treats a good percentage of our discharged patients. He (2) has said, 
“Tt is urged that pneumoperitoneum be recognized as a collapse measure of 
considerable value and promise and that it be given a trial in properly selected 


cases.” 


PHYSIOLOGY 


Pneumoperitoneum differs from artificial pneumothorax in that artificial 
pneumothorax tends to neutralize the subatmospheric intrapleural pressure, 
thus allowing the lung to collapse, while pneumoperitoneum lessens the intra- 
thoracic volume by elevation of the diaphragm, thus reducing the available 
intrathoracic space. As a result of this lessening of lung volume the more 
diseased areas in the lungs tend to collapse and heal more rapidly, just as in 
pneumothorax. It is seen that the approach to these two different forms of 
therapy is dissimilar. The result, however, appears to be the same. 

Several physicians have thought, and the impression seems to be fairly general, 
that this form of basal collapse provided by a phrenic nerve crush and pneumo- 
peritoneum is particularly beneficial in the treatment of basal lung disease. 
Some of us at this institution have not felt that this is true. We have regarded 
the intrapleural space as a closed cavity, responding to outside influences accord- 
ing to known laws of physics. Any pressure change from without will be equally 
distributed to all parts of the intrapleural and thoracic cavities. For this 
reason an apical cavity or apical disease should respond in the same manner to 
basal collapse as basal disease. 

The major change taking place after the induction of pneumoperitoneum is, 
as said before, the reduction in total lung volume. In 4 cases of established 
pneumoperitoneum in which artificial pneumothorax was induced, the intra- 
pleural pressure was found to be well on the negative side, approximating that 
found in the normal intrapleural space rather than the somewhat higher, yet 
still negative intrapleural pressures usually found in uncomplicated cases of 
established pneumothorax. There is probably present an initial rise in intra- 
pleural pressure following induction of and refills of artificial pneumoperitoneum. 
It seems reasonable to assume, however, that the mechanics and physiology of 
the intrapleural space are less altered by an established pneumoperitoneum than 
by an established pneumothorax. 

In individual cases there may be interfering factors which may prevent com- 
plete and even transference of pressure changes from the peritoneal cavity to 
the thoracic cavity. These factors include previous pleurisy with obliteration 
of the intrapleural space, adhesions of the diaphragm and pleura to the thoracic 
wall and mediastinal structures, and adhesions of the peritoneum to the dia- 
phragm and abdominal contents. In the large majority of our cases, results 
indicate that there is no significant difference in the healing response of any 
section of the lung, following therapy with pneumoperitoneum and phrenic 
nerve crush. Since both physiological reason and actual results show this to 
be true, we feel that the time has come to disregard the previous opinion that 
this type of collapse was indicated only in basal disease. 
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It is well known that long-standing tuberculous disease responds to collapse 
therapy less readily than early disease. It is also well known that tuberculosis 
usually appears first in the apical portions of the human lung, and consequently 
is more likely to be fibrotic than fresher areas lower in the lungs. For this 
reason alone it is seen that thick-walled cavities in the apices of lungs will not 
respond so readily to any type of therapy as will fresher disease, wherever it is 
located in the lung. 


METHOD 


Our method of inducing pneumoperitoneum following a phrenic nerve crush 
for treatment of tuberculosis is well covered in the report by Crow (1). Briefly, 
the patient lies supine on the table and the abdomen is prepared in a way similar 
to that in which the chest is prepared for giving pneumothorax. The patient 
is advised not to eat a hearty meal prior to the induction of therapy. A small 
wheal is produced with 1 per cent procaine hydrochloride in the area of the left 
upper abdominal quadrant. Procaine hydrochloride is then introduced into the 
deeper tissues down to the peritoneal cavity. Then air is introduced by means 
of a regular pneumothorax apparatus. The type of needle used is unimportant, 
depending upon the individual skill or preference of the operator. We have 
found all pneumothorax needles satisfactory. Approximately 500 to 700 cc. 
of air are introduced into the peritoneal cavity on first injection. The patients 
complain usually of slight pain in the shoulders and in the epigastrium due 
either to peritoneal irritation caused by the air, or to stretching of previously 
present diaphragmatic adhesions. This pain wears off in several days and the 
patient has no symptoms whatever in an uncomplicated case. These two 
symptoms are an actual sign that the air has been introduced into the right space. 
On the second day 500 to 700 cc. of air are again introduced. A day is then 
skipped and then 500 to 700 cc. of air are again introduced. From then on the 
patient can go on a semi-weekly, weekly, or ten-day schedule, depending upon 
the individual requirement of the patient. We have found that an average of 
1,000 cc. of air introduced every seven days seems to be about an optimum. 
Rilance and Warring (3) report using from 500 to 700 cc. weekly, whereas we 
feel that 1,000 cc. of air per week more nearly approach the patient’s tolerance 
and at the same time yields a maximum response to therapy. 


REPORT OF CASES 


The following are the results in a series of 110 colored patients treated for 
tuberculosis during the past six years at this institution by phrenic nerve crush 
and artificial pneumoperitoneum.4 It is the first recorded appreciable series 
of Negroes receiving this form of therapy. 

These 110 patients stayed in the hospital an average of 14.6 months. The 
average duration of this therapy is fifteen months. Twenty per cent of the 
patients in the series have received their pneumoperitoneum for periods ranging 


‘This form of therapy was initiated and given for the most part during this period by 
Drs. J. E. McLain, J. B. Ford, Jr. and one of us (N.L.A.). 
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from only three to twelve months. The majority of them have improved so 
strikingly, even with such a short duration of therapy, that they are included 
in the series. As a result, the average duration of therapy, fifteen months, is 
considerably shorter for the entire series than it is for 80 per cent of the patients 
who had received air anywhere from twelve months to four years. 

The follow-up investigation of scattered Negro patients in Georgia is difficult. 
In an effort to investigate the result of each discharged case, only one patient 
was not contacted, and this case was not included in the series. Because the 
senior author was leaving the state, follow-up observations could not be continued 
for a longer period of time. It is doubtful, however, if accurate statistical 
results could be obtained easily for longer periods of time in any appreciable 
series Of cases. 

The ages of these patients ranged from 15 to 55, with an average of 29 years. 
Of these cases 61, or 55 per cent, were females and 49, or 45 per cent, were 
males. 

During therapy these 110 patients had an average weight gain of 7} pounds 
each; 69 gained an average of 15 pounds, 6 had no appreciable change and 35 
lost an average of 7 pounds. 

Of the 110 patients, 99 were febrile and 11 were afebrile prior to therapy. 
At the present time 23 are febrile and 76 are afebrile, thus representing a ‘‘con- 
version”’ of 76 per cent. . 

Ninety-one patients had positive sputa on admission; 19 were negative. 
Now 40 have positive sputa and 70 have negative sputa. This is a conversion 
of sputum of 56 per cent. All sputa were examined by direct smears, concen- 
trated and cultured if necessary. Gastric lavages were done if sputa were 
still negative on admission. Gastric lavage specimens were examined by direct 
smear, concentrated and cultured if necessary, and inoculated intraperitoneally 
into guinea pigs. Gastric lavages were not done on discharged cases with 
negative sputa due to shortage of personnel and guinea pigs. Thus the sputum 
conversion percentage is somewhat higher than it would actually be if gastric 
lavages could have been done on all discharges. 

Ninety-five patients, or 85 per cent, had exudative disease, 11 mixed, 2 pneu- 
monic, one frankly productive and one miliary. The tuberculous disease seen 
here in Negroes is predominantly exudative. Our figures, of course, show this 
predominance, and thus no significant figures regarding the use of pneumo- 
peritoneum and phrenic nerve crush in productive disease can be given from 
this series. 

Sixty-nine (63 per cent) had no previous therapy. Thirty (28 per cent) 
had previous artificial pneumothorax, 2 had previous bilateral artificial pneumo- 
thorax and 4 had previous thoracoplasties. One had a previous phrenic nerve 
crush which had been done several years previously. Four patients had previous 
pheumonolyses. 

Fifty-six had right phrenic nerve crushes at the onset of the therapy; 48 had 
a left phrenic crush at the onset of therapy. Five patients had no phrenic nerve 
crush prior to the induction of pneumoperitoneum. In these 5 patients it was 
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not thought that a phrenic nerve crush was indicated. Nine cases (8.2 per 
cent) were conditioned for thoracoplasty by this method of therapy. Only 
2 of them, however, were found to need the operation following pneumoperi- 
toneum. These 2 cases received thoracoplasties and have now arrested disease. 

Cases which received therapy for less than three months are not included, 
since it was felt that a fair trial of phrenic nerve crush and pneumoperitoneum 
should continue for at least three months. There were 11 patients who did 
not receive this form of therapy for as long as three months. Six of these 
failed to return from leave of absence and 5 of them left the Sanatorium against 
medical advice. Some of these continued pneumoperitoneum at home and 
improved, but they are not included, since we did not feel that their group had 
given the therapy a fair trial. Two other cases died after they had been dis- 
charged, after pneumoperitoneum was stopped against advice. One patient 
had a recurrence of pulmonary disease following discontinuance of pneumo- 
peritoneum. 

Four other patients had to wear trusses to prevent the air in the peritoneal 
space from causing severe hernias. Three of these trusses were of the inguinal 
type and one was umbilical. All trusses prevented leakage of air and pneumo- 
peritoneum was continued satisfactorily. In certain cases, wide adhesive tape 
plasters over the umbilicus prevented any ballooning of potential umbilical 
hernias due to pneumoperitoneum. One case died of heart failure after the 
pulmonary disease was apparently arrested by the pneumoperitoneum and 
phrenic nerve crush. This heart disease was present prior to therapy. Ten 
other patients had heart disease (9 hypertension), and all but one of these had 
no trouble with this form of therapy. 

Pneumoperitoneum was started in one patient to stop hemoptysis. This 
patient eventually died, although his hemoptysis was apparently stopped by 
this form of treatment. In one patient pneumoperitoneum was discontinued 
because of dyspnea. 

Table 1 shows that 73 (66 per cent) of these patients were far advanced at 
the onset of therapy, 36 (33 per cent) moderately advanced and one (1 per 
cent) minimal. There is no significant variation in the sexes here. 

It is seen that 13 per cent of the patients had a hopeless prognosis on admission. 
Fifty-four per cent had a very poor prognosis. In 18 per cent the prognosis was 
questionable. Only 15 per cent had a good prognosis at the onset of therapy. 
This indicates that the results might be even more favorable if the cases are 
properly selected. There is no significant difference in prognosis between the 
sexes. 

It is seen that 11 per cent of the cases were arrested, 22 per cent apparently 
arrested, 27 per cent quiescent and 23 per cent improved. Only 17 per cent 
of these patients, unselected as they were, were not improved by this form of 
therapy. Twenty-three per cent of these cases have discontinued therapy and 
have shown no recurrence of disease during two or more years. Four patients, 
or 25 per cent of the unimproved cases, had a recurrence of disease following 
cessation of therapy. There is no significant variation in the response of the 
opposite sexes to this form of therapy as shown by this table. 
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It is seen in table 2 that, out of 113 cavities originally seen, 66 (58.4 per cent) 
were closed, 12 (10.6 per cent) were smaller than at the onset of therapy and 35 
(30.9 per cent) were larger or unchanged following therapy. Diagnosis of cavity 
closure was based on serial X-ray examinations before, during and following 
therapy. In each case X-ray evidence of cavity closure was confirmed by 
negative sputum examinations. Two so-called tension cavities with persistent 


TABLE 1 
Classification of all patients according to diagnostic classification, prognosis, results and sex 


TOTAL 


FEMALES 


MALES 


Diagnosis 
Far advanced (d) 
Far advanced (c) 
Far advanced (b) 


(3%) 
(33%) 
(30% 


(2%) 
(207% ) 


(17% 


(2%) 
(13%) 
(13%) 


Moderately advanced (c) Zo (3%) 
Moderately advanced (b) 27% (13%) 
Modrately advanced (a) 3¢ (2%) 


Minimal (b) 


(100%) (45% 


Prognosis 
Hopeless (138% (5%) 
(54%) (30%) 27 (26%) 
(18%) (11%) (7%) 
(14%) 8 (7%) (6%) 
(1%) (1%) 


(100% ) (557%) (457%) 


Results of Therapy 
Arrested 2 (11%) (7%) (4%) 
Apparently arrested (22%) (13%) (9%) 
Quiescent (27%) (17%) (10%) 
Improved (23%) (8%) (15%) 
Unimproved (frankly active)...... (8%) (4%) (4%) 

i (9%) (6%) (3%) 


(100%) (55% (45%) 


spherical configuration failed to be altered by this therapy. The response of 
cavities at different sections of the lung are remarkably similar. It is seen that 
58.6 per cent of apical cavities were closed, 57.7 per cent of mid-zone cavities 
and 58.8 per cent of basal cavities. These figures are significant since they 
reveal that cavities in any section of the lung may respond equally well to 
phrenic nerve crush and pneumoperitoneum. 

Table 3 indicates clearly that far advanced disease responds less favorably 
to therapy than moderately advanced or minimal disease. The results in 
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moderately advanced tuberculosis are so good that it is hoped that this form 
of therapy will be tried much more extensively for disease of this nature. So 
far we have not had enough cases of minimal disease to draw any conclusions, 


TABLE 2 
Classification of cavities and their response to therapy 


ENTIRE LUNG APICAL MIDZONE BASAL 


Closed 


Not closed 
(a) Smaller 
(b) Larger or unchanged... 


66 (58.4%) 


12 (10.6%) 
35 (30.9%) 


41 (58.6%) 


6 (8.6%) 
23 (32.8%) 


15 (57.7%) 


4 (15.4%) 
7 (26.8%) 


10 (58.8%) 


2 (11.7% 
5 (29.4%) 


Totals 


113 (100% 


70 (62%)* 


26 (23%)* 


17 (15%)* 


* Percentage of total cavities. 


TABLE 3 
Results of therapy classified by diagnosis and sex 


TOTAL WOMEN 


Far advanced 
Apparently arrested 


(12%) 
(14%) 
(37%) 
(12%) 
(9%) 

(16%) 


(100% ) 


1 (4%) 
6 (21%) 
4 (14%) 
9 (32%) 
5 (18%) 
3 (11%) 


6 (9%) 
12 (17%) 
Quiescent 20 (28%) 
Improved 14 (20%) 
Unimproved 9 (12%) 
10 (14%) 


(100%) (100%) 
Moderately advanced 
Apparently arrested 11 (29%) 
Quiescent 10 (26%) 
Improved 11 (29%) 


3 (14%) 
4 (19%) 
7 (33%) 
7 (83%) 


(18%) 
(41%) 
(18%) 
(23%) 


(100% ) (100% ) (1007 ) 


Minimal 
Apparently arrested 1 1 0 


There seems to be no significant variation in the response of the opposite sexes 
to therapy, regardless of how advanced they are at the onset of treatment. 


COMPLICATIONS OF THERAPY 


These complications are presented not to discourage this form of treatment, 
but to outline most of the possible dangers and complications and to show how 
they may be overcome or avoided. 
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Perhaps the most severe possible complication is air embolism. We have 
not experienced this complication in any of our cases. 

Perhaps the second most severe complication is tuberculous peritonitis. This 
may be preéxisting, and probably is in the majority of cases. This complication 
has appeared in approximately 1 per cent of cases. Some of the patients with 
this complication may be salvaged by removing all the air from the peritoneal 
cavity along with any peritoneal fluid which may have accumulated. 

Peritoneal adhesions were seen on abdominal X-ray films in 71 per cent of 
our cases. In the majority of these cases they did not cause any trouble. 
However, in some cases they will prevent a satisfactory rise of the diaphragm. 

In approximately 8 per cent of the patients a peritoneal effusion is seen to 
be present in the dependent areas of the peritoneal cavity. This fluid serves 
as & warning not to increase intraperitoneal pressures to too high a level. In 
the great majority of these cases this peritoneal effusion is sterile and will not 
cause any complication. 

Dyspnea is present in approximately 6 per cent of these patients. This may 
be gradually overcome by increasing the doses of air very slowly until the 
patient becomes adjusted to this therapy. 

In certain cases pressures above 10 cm. of water are encountered. Although 
this complication serves as a warning, it does not necessarily preclude the 
continuance of pneumoperitoneum. Satisfactory intraperitoneal pressures 
following refills average around 5 cm. of water in well established cases. 

We have observed a tendency toward an obliterative peritonitis in one patient. 
This caused an increase of intraperitoneal pressure but has not necessitated 
discontinuance of therapy. 

Pregnancy, of course, provides a complication of pneumoperitoneum. Each 
case is dealt with individually, the pneumoperitoneum usually being discontinued 
regardless of what disposition is made of the fetus. 

Severe heart disease following the induction of pneumoperitoneum has been 
seen in only one of our cases. In this patient treatment was discontined and 
the patient showed no ill effect. It is granted that severe heart disease is a 
contraindication to this form of therapy, and this is borne out by the fact that 
one of our cases died of heart disease preéxistent to therapy. In about 10 per 
cent of our cases there is some preéxisting cardio-circulatory disease. If this 
is not too severe and the patient is watched closely, it will not contraindicate 
therapy. Recently one of us (N. L. A.) observed the appearance of a pericardial 
friction rub in a patient receiving pneumoperitoneum. This disappeared when 
refills were temporarily stopped. 

In a very few patients spontaneous rupture of the diaphragm may occur when 
there is far advanced disease and an erosive, ulcerative tuberculous process of 
the diaphragm. In this complication a spontaneous pneumothorax will usually 
occur, the air passing from the peritoneal cavity into the intrapleural space. 
Removal of air from both below and above the diaphragm will relieve dyspnea; 
pneumoperitoneum should be abandoned. 

Another possible complication is passage of air through the aortic or the 
esophageal hiatus up through the mediastinum into the tissue spaces and fascial 
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planes of the neck. This has occurred in one patient. No damage was sustained 
and the only difficulty was a temporary cessation in the giving of large doses 
of air. 

Occasionally the operator will introduce air into the tissue spaces in the 
abdomen. This is more uncomfortable to the patient than it is serious. 

After the induction of pneumoperitoneum, approximately 4 per cent of all 
patients will complain of some pain requiring sedation. This pain, however, 
disappears rapidly within two days to a week as the patient becomes accustomed 
to his pneumoperitoneum. 

Patients with a tendency toward herniation anywhere in the abdomen are, 
of course, potential risks. The use of umbilical and inguinal trusses, however, 
has obviated any difficulty we have experienced in giving pneumoperitoneum 
to patients with either hernial weaknesses or actual hernia. 

One patient developed pleurisy during the course of therapy. It is impossible 
to state whether or not this resulted from the therapy. 

One patient had an acute appendicitis. Appendectomy was done without 
difficulty following removal of all the air in the peritoneal space. The patient 
has now arrested disease. Rilance and Warring (4) report an incidence of 7 
per cent of acute appendicitis in patients receiving pneumoperitoneum. 

Three patients had hemoptysis during therapy. This is an incidence of 2 
per cent, and it is not felt that it occurred as a direct result of therapy. 

Penetration of intestine, liver, spleen or kidney with the needle has not occurred 


to our knowledge. It is unlikely that this complication will occur if ordinary 
care is practiced. 


ADVANTAGES OF ARTIFICIA L PNEUMOPERITONEUM OVER 
OTHER TYPES OF THERAPY 


Artificial pneumoperitoneum has been regarded by Rudman (5) as a far more 
formidable procedure than artificial pneumothorax. At this Sanatorium we 
take issue with this statement; we feel that artificial pneumoperitoneum is a 
much safer procedure than artificial pneumothorax. The ordinary complications 
of artificial pneumoperitoneum are much less severe than those seen in the 
treatment of tuberculosis by artificial pneumothorax. We feel that the use of 
pneumoperitoneum has the following advantages over the use of artificial 
pneumothorax: 

(1) Both lung fields can be observed by fluoroscopy or roentgenography, and 
shadows can be observed in their response to therapy. This cannot be done 
in a large percentage of pneumothorax cases, since the diseased portion is either 
hidden by the mediastinum or so much collapsed that it cannot be followed 
roentgenologically without reéxpansion. We emphasize that lung volume may 
be reduced as much as 70 per cent by this method of therapy, just as in artificial 
pneumothorax. At the same time most of the diseased areas which are collapsed 
may readily be seen during therapy with pneumoperitoneum. 

(2) Pneumoperitoneum may be discontinued or continued again far more 
readily than artificial pneumothorax. Very little change is seen in the per- 
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toneum in uncomplicated cases according to Trimble, Eaton and Moore (6). 
In contradistinction to the use of artificial pneumothorax, the complications of 
lost space, contralateral spread and spontaneous pneumothorax are not common. 

(3) With the use of pneumoperitoneum, thickened pleura and nonexpandable 
lungs requiring oleothoraces, thoracoplasties and unroofing operations are 
seldom seen. 

(4) The complication of tuberculous empyema is avoided by the use of 
pneumoperitoneum. This appears to be one of the most severe complica- 
tions of pneumothorax, and, as any experienced tuberculosis specialist knows, 
the treatment of tuberculous empyema is far from satisfactory. 

(6) Pneumoperitoneum treats bilateral disease at the same time with one 
procedure, whereas artificial pnéumothorax usually must be carried on as a 
bilateral procedure in order to treat bilateral disease effectively. This, of course, 
provides a great saving of time to both patient and the doctor. 


DISCUSSION 

The records at this Sanatorium indicate that the results of artificial pneumo- 
thorax in the Negro are disappointing. It is believed that the lower economic 
status of the Negro and his innate desire to enjoy life strenuously at home 
contribute toward the development of pleural effusions, contralateral spreads 
and empyemata, all of which seem frequent in ambulatory pneumothorax 
cases. These complications so far seem much less frequent in the discharged 
ambulatory pneumoperitoneum cases. 

It would seem premature at this time to list the indications for therapy with 
phrenic nerve crush and pneumoperitoneum. The therapy appears most logical 
in the treatment of bilateral disease although unilateral disease responds equally 
well if not better. Early disease confined to small areas responds most readily 
to any type of therapy. 

Duration of therapy seems to parallel other forms of collapse therapy. Each 
case of course represents an individual problem. Since the handicap of pneumo- 
peritoneum is much less than it might at first appear to be, many cases conduct 
normal lives during therapy. Patients with lax abdominal walls are encour- 
aged to wear abdominal supporters to enhance therapy and reduce cosmetic 
inelegance. 

If it can be shown that pneumoperitoneum supplementing a phrenic nerve 
crush will give results as satisfactory as, or approximating those of any other 
form of collapse therapy, then its obvious advantages over artificial pneumo- 
thorax, as previously stated, should really make it a treatment of choice in the 
majority of tuberculous patients. Any form of therapy must, of course, with- 
stand the criterion of time, and it is hoped that more reports, covering longer 
periods of this therapy, will appear. It is our desire to emphasize the value 
of pneumoperitoneum and phrenic nerve crush so that it will be used more 
extensively throughout the country. We feel that we have tried it extensively 
in an appreciable series of both white and colored cases, and we believe that if 
it is fully applied to suitable cases the results will be as good or better than those 
seen with artificial pneumothorax. 
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SUMMARY AND CONCLUSIONS 


1. A series of 110 colored patients receiving artificial pneumoperitoneum as 
a treatment of pulmonary tuberculosis is presented. Of these, 105 received a 
phrenic nerve crush prior to induction of artificial pneumoperitoneum. 

2. This is the first recorded appreciable series of Negro patients receiving 
this form of therapy. 

3, A discussion of pneumoperitoneum, its physiology, its method of use, its 
complications and its advantages is presented. 

4. The importance of maximum elevation of the diaphragm is emphasized. 

5. Of these 110 cases, 11 per cent are arrested, 22 per cent are apparently 
arrested, 27 per cent are quiescent and 23 per cent are improved. Eight per 
cent are unimproved and 9 per cent are dead. The patients were not carefully 
selected as suitable cases for this therapy and 14 per cent were regarded as 
hopeless at the onset of therapy. 

6. Cavity closure occurred in 58.4 per cent. Of the apical cavities, 58.6 
per cent were closed, of the mid-zone cavities, 57.7 per cent were closed and of 
the basal cavities, 58.8 per cent were closed. 

7. Sputum conversion was observed in 56 per cent. 

8. It is strongly felt that this form of therapy should be utilized in the treat- 
ment of tuberculosis throughout the lung, rather than largely confined to patients 
with basal disease. The reasons for this impression are given. The results 
bear this out accurately. 

9. There appears to be no significant variation in the response of sexes to 
this form of therapy. 

10. It is apparent from this series that early disease responds more favorably 
than far advanced disease. 

11. It is hoped that pneumoperitoneum combined with phrenic nerve crush 
will be used much more extensively in the treatment of minimal and moderately 
advanced disease. 

12. Artificial pneumoperitoneum combined with phrenic nerve crush should 
be used at all sanatoria maintaining a program of collapse therapy. We feel 
that it is equally, if not more, effective than artificial pneumothorax in the 
treatment of pulmonary tuberculosis, and at the same time avoids most of the 
complications of artificial pneumothorax. 


SUMARIO Y CONCLUSIONES 


1. En una serie de 110 negros con tuberculosis pulmonar se aplicé el neumo- 
peritoneo terapéutico, y en 105 de ellos se aplasté el frénico previamente. 

2. Esta es la primera serie apreciable de negros en que se haya comunicado 
el resultado obtenido con esta terapéutica observandose el resultado. 

3. Preséntase aqui una resefia del neumoperitoneo, su fisiologia, técnica, 
complicaciones y ventajas. 

4. Recdlcase la importancia de obtener una elevacién maxima del diafragma. 

5. De esos 110 casos, 11% estan estacionados, 22% aparentemente estacio- 
nados, 27% quiescentes y 23% mejorados, mientras que 8% no han mejorado y 
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9% han muerto. Los enfermos no fueron seleccionados cuidadosamente como 
apropiados para dicha terapéutica y 14% estaban desahuciados al iniciarse la 
terapéutica. 

6. En 58.4% se obtuvo cierre de las cavernas: cerrandose 58.6% de las api- 
cales, 57.7% de las de la zona media y 58.8% de las basales. 

7. En 56% se observé conversién del esputo. 

8. Abrigase la conviccién de que debe utilizarse esta terapéutica en la tuber- 
culosis de cualquier parte del pulmén, mds bien que limitarla en gran parte a 
los casos de afeccién basal. Preséntanse las razones en que se funda esta im- 
presién cuya exactitud confirman los resultados. 

9. No parece que exista variacién significativa entre los dos sexos en la res- 
puesta a esta terapéutica. 

10. A juzgar por esta serie es evidente que la enfermedad temprana responde 
mds favorablemente que la muy avanzada. 

11. Espérase que el neumoperitoneo combinado con el aplastamiento del fré- 
nico sea mucho mds usado en el tratamiento de los casos minimos y moderada- 
mente avanzados. 

12. En todos los sanatorios que aplican la colapsoterapia deben utilizar el 
neumoperitoneo terapéutico combinado con el aplastamiento del frénico, pues 
parece mostrar tanto o més eficacia que el neumotdérax terapéutico en la tuber- 
culosis pulmonar, evitando al mismo tiempo la mayor parte de las complicaciones 
asociadas con el ultimo. 
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TUBERCULOSIS IN CHILDREN’ 


A Comparison between Postmortem Material from Buffalo, New York and 
Santiago, Chile 


J. SCHWARZ 


The more recent literature presents relatively few anatomical observations 
on infantile tuberculosis. Because of this, we think it should be of interest to 
present a comparative study of the differences observed between the material] 
dissected in Buffalo and in Santiago; while Terplan (1) had at his disposal all 
the newest technical facilities, we had only in a few cases X-ray photographs 
for clinical purpose; X-ray photographs of postmortem lungs were unobtainable, 
as photographic material is scarce. 

Nearly all the material has been autopsied by the author himself, some cases 
were examined by Vergara. The postmortem work comes from a General 
Children’s Hospital in Santiago,? equipped with about 400 beds and with De- 
partments of Surgery, Internal Medicine, Tuberculosis, etc. In comparison 
with Terplan’s statistics, we observed a much higher number of tuberculous 
infections, especially in children above 6 years of age (table 1). 

The frequency of tuberculous infection in Chile is caused principally by poverty 
and low standard of living, specially in the industrial areas, by lack of hygiene, 
certain defects in sanitary legislation which fails to eliminate contact infection 
and which can receive no detailed analysis here. We should only like to present 
table 2 which shows that Chile really has the highest tuberculosis mortality. 

Very eloquent also is the number of tuberculin reactors in Santiago. School 
children give the reactions shown in table 3. 

According to very interesting calculations by Straub (3), the numbers of 
yearly new infections are as follows: 


1 out of every 10 if at 8 years of age there are 50 per cent tuberculin reactors 
1 out of every 15 if at 11 years of age there are 50 per cent tuberculin reactors 
1 out of every 20 if at 15 years of age there are 50 per cent tuberculin reactors 
1 out of every 25 if at 18 years of age there are 50 per cent tuberculin reactors 


In other words, in Santiago, Chile, the probability of a new yearly infection per 
person is approximately 1 in 8 (in U.S. A. 1 in 20 or 30, differing in the various 
regions); this means that out of the 5,000,000 Chileans approximately 625,000 
acquire a new infection every year (in the U.S. A. this number is 250,000 per 
5,000,000 of population, considering an average tuberculinization of 50 per cent 
at 15 years of age). If the exact statistics are examined, one will arrive at a 
number still more unfavorable for Chile. 


1From the Pathology Laboratories of the Valdivia Regional Hospital and ‘‘Manuel 
Arriaran’’ Children’s Hospital of Santiago, Chile. 
2 Hospital ‘“Manuel Arriaran.’”’ 
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TABLE 1 
Comparison between postmortem material from Buffalo, New York and Santiago, Chile 
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Number of 
autopsies 


wi 
tuberculous 
lesions 


Number of 
autopsies 


Per cent 
positive 


Per cent 
tuberculous} positive 
lesions 


5 weeks-12 months 
13 months-2 years 
2 years-6 years 

6 years-10 years 

10 years-14 years 

14 years-18 years 


10 
10 
15 


6 
15 
17 
12 

7 


5 weeks-6 years............. 
6 years-18 years 


38 
19 


TABLE 2 
Mortality rate from tuberculosis (all forms) per 100,000 of population in 1937 


. Union of South Africa 
. Holland 


Oo an 


TABLE 3 
Tuberculin reactors in Santiago, Chile (1948) according to Viel, Netra and Fernandez (2) 


NUMBER EXAMINED 


POSITIVES 


PER CENT 


7- 8 years 
9-10 years 
11-12 years 
13-14 years 
15-16 years 


752 


1,065 
1,017 


510 
76 


450 
749 
756 
394 

54 


59.8 
70.3 
74.3 
77.2 
75.0 


Total population of Chile calculated for 1937, on the basis of the 1930 census: 4,597,254 
109,759 (under 10 years of age 
12,155 (under 10 years of age 


Total mortality 
Tuberculosis mortality 


While in New York, with a population of 7,347,000 in 1939, only 118 children 
under 10 years of age died of tuberculosis, in Chile during 1937 twice as many 
died in hospitals only (224) and, in all the country, thirteen times that number 
(1,535). 

For a close comparison with Terplan’s work, we should like to follow roughly 


|| 
| TERPLAN | SCHWARZ 
| 
345 3.4 n2 5.4 
97 | 9.7 27.7 
144 10.4 45 37.7 
40 17.5 22 54.5 
40 8 27.5 14 50 
113 22 19.4 36 | 52.9 
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his outline of work. In Terplan’s 57 tuberculous cases, in only 35 was tubercu- 
losis the cause of death; in our material we have observed 45. In none of the 


TABLE 4 
Anatomical findings in the material from Buffalo, New York and Santiago, Chile 


THE CASES IN WHICH TUBERCULOSIS 


Was the cause of death Was an incidental finding 


Terplan Schwarz Terplan Schwarz 


26 
18 


1 
8 
1 


35 45 22 


A—Primary caseated (or calcified complex in lung and broncho-mediastinal lymph 
nodes with hematogenous dissemination. 

A:—Primary caseated complex with hematogenous dissemination. 

A:—Ghon focus not found; broncho-mediastinal lymph nodes in different stages of 
infection and hematogenous dissemination. 

A;—Ghon focus calcified, broncho-mediastinal lymph nodes in different stages of infec- 
tion and hematogenous dissemination. , 

A,—Active Ghon focus and hematogenous dissemination complicated with epidemic 
meningitis, diphtheria, etc. 

B—Primary caseated (or calcified) complex in lung; intrabronchial and hematogenous 
dissemination. 

C—Primary caseated complex and almost exclusively intrabronchial spread. 

D—Postprimary chronic pulmonary tuberculosis with hematogenous dissemination. 

E—Acute congenital tuberculosis. 

F—Primary acute intestinal tuberculosis. 

G—Selective hematogenous dissemination especially to the leptomeninx in connection 
with typical lymphoglandular exacerbation. 

H—True reinfection with caseated complex of reinfection and hematogenous tubercles. 

I—Primary caseated complex in active stage with isolated hematogenous tubercles. 

J—Primary fibrous cheesy complex (closed). 

K—Primary calcified complex with single or double pulmonary Ghon focus. 

L—Primary calcified pulmonary focus without lymph node change. 

M—Primary multiple cheesy fibrous foci in different lobes without changes in broncho- 
mediastinal lymph nodes. 

N—Calcified mesenteric lymph nodes. 

O—Calcified complex with intrabronchial localization of primary focus and additional 
calcified lesions with collapse induration. 

P—Intestinal tuberculosis with caseated mesenteric lymph nodes. 


cases have we seen the intestine as the portal of entry for later generalization, 
and in only 2 cases have we observed intestinal foci (nos. 1 and 22), in both with 
no more complications than caseated mesenteric lymph nodes. This circum- 
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stance of few intestinal infections is very surprising considering the low standard 
of general hygiene. Apparently this is much influenced by the insignificant 
quantity of milk consumed in Chile. 


Per capita milk consumption, per year, in liters 


Switzerland 671 Netherlands 


Surely these data need no comment. 

In this country practically no pure, uncooked milk is consumed; it is nearly 
all used in the preparation of coffee, cakes, etc. and is therefore, sterilized when it 
reaches the consumer. Among his 57 cases, Terplan finds 4 primary intestinal 
infections (7 per cent); we have only 2 (3.5 per cent). It should be noted that 
in both cases subsequent cultivation and inoculation gave colonies of human 
tubercle bacilli? In the Netherlands the frequency of intestinal infection in 
recent years has been very high (Straub (3)), nearly 50 per cent of the total 
number of infections. In Germany statistics show a great difference, according 
to the regions—Beitzke (4), Berlin, 16 per cent; Wagener (5), Kiel, 21 per cent; 
Puhl (9), Freiburg, 1.8 per cent, etc. Ghon (6) reported 1 per cent of intestinal 
infections in Prague; Wallgren-Klercker (7) 2 per cent in Oslo and 25 per cent in 
rural districts. 

Table 4 presents a brief comparison between Terplan’s and our cases. 

We see immediately the difference between Terplan’s material and ours. 

In the group of children whose cause of death was tuberculosis, there isa notable 
number of cases with combined hematogenous and bronchogenous dissemination 
(Terplan, 8.6 per cent; Schwarz, 40.0 per cent). In our material we note the 
absence of congenital tuberculosis cases and Terplan’s C-F and H groups. 
And if Terplan comes to the conclusion that his 61.4 per cent mortality rate 
among all tuberculous cases is high, our number of 78.9 per cent is still higher 
and we still have to consider the existence of children who died in a meningococcic 
epidemic, so that probably in years of no epidemic our number would be still 
higher. 

In all cases where the Ghon focus was found to be caseated—and this con- 
dition is found in the majority of children—a circumscribed, generally round or 
oval focus with sharp limits, frequently in subpleural localization, was encoun- 
tered. If the primary focus has a subpleural location, the pleura nearly always 
shows a fibrous or nodular specific reaction. Such a circumscribed caseous and 
frequently subpleural round focus was accepted without doubt as primary or 
Ghon focus, if the regional lymph nodes were also found to be caseated. But 
such apparently clear cases must be, and were, cut into thin sheets in order to 
look for other, perhaps older or smaller, foci. Naturally, this was seldom found 
in children’s lungs. The diagnosis of multiple primary foci is not difficult if 
the suspicious lesions are found in different sides of the lungs, or at least in 


3’ We thank Dr. F]. Fuenzalida for his kind collaboration. 
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different lobes, because then the lymph node component of the primary com- 
plex permits the establishment of the pathogenetic character of the focus. 


KEY m SCHEMES: 

|LYMPH NODE 

O |GHON Focus 
& |ACINOUS TUBERCULOUS PNEUMONIA 


CAVITATION 
CALCIFICATION 
TUBERCULOSIS 
GELATINOUS PNEUMONIA 
AATELECTASI 
6 |TUBERCULOUS HYPERPLASIA 


2 


Our criteria for a diagnosis of the Ghon focus depends, in the first place, on the 
form, location and aspect of the focus, and on the presence of corresponding 
lymph node changes. If more than one suspicious focus is found in a pul- 
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monary lobe, the diagnostic help given by the lymph nodes disappears. In 
such cases, we have described the anatomical finding extensively in order that 
the reader may form his own opinion. With the exception of a few cases, 
such as cavernous phthisis where the finding of the Ghon focus was impossible, 
the calcified focus in children’s lungs could be found easier than in adult’s 
lungs due to the softness of children’s organs. 

We wish to add a few words about the diagnosis of the primary cavity. With 
the evolution of the cavity from the caseated to a liquefied focus, followed by 
the expulsion of the liquid masses, the focus itself naturally disappears but the 
caseated wall of the cavity remains together with the regional lymph nodes with 
their typical changes. It is certain that X-ray photographs are very helpful 
in discovering additional lesions, but we think that careful “‘classical’’ anatomical 
work, especially in children, can reduce failures to a minimum. 

Figures 1, 2 and 3 present in schematic form the distribution of intrathoracic 
tuberculous lesions in our material (compare groups with table 4). 


A. CASES WITH A CASEATED (oR CALCIFIED) PRIMARY PULMONARY COMPLEX 
WITH HEMATOGENOUS DISSEMINATION 


The primary focus of the 26 cases of this group was found to be partially or 
completely caseated in 20 cases, with a total of twenty-three foci (there were in 
one case three and in another two Ghon foci). Sixteen Ghon foci were 6 mm. 
in diameter or smaller, ten were larger; the biggest focus had a diameter of 3 
em. (no. 8). Three Ghon foci were completely calcified, one only was the size of 
a grain of millet. In 2 cases the focus had a caseated centre but had a thick 


TABLE 5 
Distribution of Ghon foci in the pulmonary lobes 


LOBES 


Right 


Upper Middle Lower Lower 


17 8 12 13 
Per cent 30.3 14.3 21.4 23.2 
Hesse (8), per cent 28.0 10.1 18.6 26.4 
Puhl (9), per cent 32.1 10.7 } i oe | 28.5 11.6 
Lange (10), per cent : 24.1 6.5 22.9 25.3 21.2 
Blumenberg (11), per cent 33.5 11.6 18.1 22.3 14.5 
Terplan (1), per cent 25.0 20.8 4.1 16.6 32.2 


fibrous capsule and in 2 other cases the Ghon focus had a calcified centre and a 
cheesy-fibrous periphery. In 3 cases the focus was not found, but its presence 
in the Lung may be taken for granted, as caseated or calcified broncho-medias- 
tinal lymph nodes were found. The foci were distributed in the pulmonary 
lobes as shown in table 5. 

The total number of foci found in the 23 cases was twenty-six, because in case 
13 we found three and in case 57 two. Three cases showed cavity formation 
within the primary focus (nos. 11, 13 and 8). In case 11 we saw a cavity of a 


| Left 


400 J. SCHWARZ 


diameter of 2 cm. with a broad caseated margin; it had a rupture into the pleura, 
thus a pyopneumothorax was formed. In case 13 the biggest of the foci was 
about 30 x 11 x 18 mm. with a central cavity 13 mm. in diameter. A second 
Ghon focus in the right upper lobe had a central liquefaction, with perforation 
into the bronchus. In case 8 the cavity had a diameter of 3 cm., which is enor- 
mous for the lung of a 16 monthsold boy. In 3 further cases (nos. 23, 38 and 57) 
we found liquefaction of the centre (in case 57 in both primary foci). An 
intense perifocal spread was observed in only 3 cases (nos. 27, 31, 34) but we 
may affirm that generally we found pleural infection over the focus in almost 
every case, especially if the latter was immediately subpleural. Also, nearly 
always, even in cases without miliary spread in the lungs, millet-sized nodules 
were found around the focus and repeated microscopic study revealed a lymphog- 
enous pathogenesis and the formation of visible tubercles exactly on the cross- 
ing of two or more lymphatic capillaries. ‘These lymphogenous miliary tubercles 
were observed chiefly between the focus and the pleura. 

Cases with more than one focus merit a special note. 


Case 13: In the right middle lobe we found a focus, about 30 x 11 x 18 mm., with a large 
central cavity. Another caseated focus, with all the characteristics of a Ghon focus, was 
found near the base of the right upper lobe, subpleural near the anterior surface. It was 
about 12 x 6 x 6 mm. and had 4 central ulceration. A third pea-sized focus, completely 
caseated, was observed 1 cm. above the second one. While it seems to us that the first 
two foci may undoubtedly be declared to be primary, in this last case one would think it 
might be a secondary focus. In the first place, there would be no advantage in examining 
the lymph node, since both foci are situated in the same lobe; second, it is much smaller 
than the two first ones; and, last, there was a bronchial perforation in the second focus; 
therefore it would not be surprising if a caseated focus was found near this perforation. 
As for the circumstances that affirm the possible existence of three primary foci, we have 
the complete caseation of the third focus in a child of 18 months, where infection 
necessarily must have been massive (size of biggest focus, softening of both foci which 
point to the fact that this last focus was produced either at the same or almost the same 
time as the other two). The localization above the second focus in the bronchial perfora- 
tion does not exclude a direct relation with this finding, but we would rather expect the 
production of secondary foci below the bronchial perforation and not above it. The 
shape and subpleural localization also lead us to suppose that this is really a case of three 
primary foci. 


Case 57: In the right upper lobe we found a pea-sized, completely caseated focus with a 
central liquefaction. It was situated in the lower third of the lobe, near the anterior 
margin and subpleurally. The second caseated focus was observed in the same lobe, 
but 3 cm. below the apex. It was slightly larger than the first one. This focus was also 
completely caseated and had a central liquefaction and we had the impression of a parallel 
evolution of both foci so far as their age is concerned. Naturally in this case it is also 
impossible to determine, by means of studying the lymph nodes, whether they really 
are two primary foci, since they are both situated in the same lobe. 


In 15 cases of the 26 of this group tuberculous meningitis was proved by 
autopsy, with several or numerous miliary tubercles in the leptomeninx. In 
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9 cases it was possible to laminate the brain (without previous fixation). In 5 
cases we observed tuberculomata (in case 7 without meningitis): nos. 7,25, 27 
and 53 with one tuberculoma of the cerebellum, no. 35 with cortical tubercles 
of the right and left gyrus centralis anterior. Terplan (1) declares he did not 
observe cerebral tuberculomata if there was no intense miliary spread in other 
organs, but in this group we have cases 7 and 27, where we found few miliary 
tubercles in other organs and we also observed this in group B, case 24. 


B. PRIMARY CASEATED (OR CALCIFIED) COMPLEX IN LUNG; INTRABRONCHIAL AND 
HEMATOGENOUS DISSEMINATION 


While Terplan (1) observed only 3 cases in this group, we had 18. Also in 
quality our material differs considerably from his; the majority of our cases 
excepting case 39 in which no primary focus was found, case 9 in which the 
focus was already calcified, case 15 with three caseated foci and cases 4, 5, 11 
and 37 with a simple caseated focus) showed central liquefaction either in the 
shape of a minor ulceration (cases 3, 17, 20, 29, 52 and 55) or as a great primary 
cavity (cases 10, 24, 40, 48 and 49). Undoubtedly the liquefaction of the pri- 
mary focus is in direct relation with, and has great importance for, intrabron- 
chial dissemination. This group seems to us very interesting because of its 
greatnumber and uniformity. It demonstratesthat —at least in our material— 
bronchogenous dissemination is of great importance in the evolution of primary 
infection. If Huebschmann (12) says that the size of the focus is directly pro- 
portional to the importance and gravity of the tuberculous process, we cannot 
accept this as a rule without exceptions, but it may be applied in bronchogenous 
dissemination because an increase in the size of the primary focus causes central 
liquefaction with consecutive disastrous consequences. Therefore, it would be 
prudent to change the thesis that says “in malignant cases, extraordinarily large 
foci are found” to one saying ‘‘a large focus usually presents central liquefaction, 
which includes the danger of bronchogenous dissemination.” 

We have observed only 2 cases under 1 year and 4 of 1 to 2 years of age; 
the other 12 cases were in children from 3 to 14 years. It is notable that no less 
than 13 of the 19 cases are girls. We may point to the fact that, in our material, 
tuberculosis was more frequent and more malignant in girls than in boys, al- 
though naturally not in the amazing proportion shown in this group. We can- 
not discuss the causes of this fact, because they are not more than mere sus- 
picions or suppositions. According to our material we can affirm that bron- 
chogenous dissemination in primary infection is produced in the first place if 
the focus is ulcerated and transformed into a cavity. Naturally there are foci 
replaced by a cavity that do not produce bronchogenous dissemination; but in 
our material the majority of bronchogenous dissemination has relation to an 
ulcerated focus. The liquefaction or ulceration of a primary focus always 
constitutes a very serious complication and we can say that a large focus has a 
worse prognosis than a small one under the same circumstances, because in a 
large one there is always the danger of central liquefaction. 

Bronchogenous dissemination is diagnosed in the presence of typical acinous 
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or confluent acino-nodous foci, or when a caseous pneumonia is found. Un- 
doubtedly any bronchogenous dissemination is produced either directly by the 
intrabronchial introduction of softened and infected material or by tubercle 
bacilli originating from ulcerated foci of the bronchial or tracheal mucosa. In 
a study with Pefia and Meneghello (13) we:have described numerous cases 
where it was possible to determine exactly the point where the infectious masses 
entered the bronchus. 

The great number of foci with central liquefaction in our material seems sur- 
prising tous. In group B there were no less than 11, that is, the majority of all 
foci observed. In group A, 6 cases had eight primary foci with central lique- 
faction, 2 of the cases having multiple Ghon foci (nos. 13 and 57). 

This fact cannot be explained satisfactorily by the influence of race, sex or 
age, and we have to confess our lack of basic knowledge that would let us find 
its cause. We can point to the fact that in our Chilean material central lique- 
faction of the primary focus is frequent and is usually found together with 
bronchogenous dissemination. In group B all cases showed hematogenous 
dissemination in the lung, liver and spleen, while only 12 cases showed miliary 
tubercles in the kidney. We want to give special consideration to the presence 
of intestinal ulcers found in 13 out of 17 cases of group B (we did not have all 
the facts concerning the intestine of case 15), while in group A only 10 out of 26 
cases had specific intestinal lesions (76.5 against 38 per cent). We are not 
surprised at the frequency of intestinal ulceration in cases of bronchial tubercu- 
losis, but it shows the importance of bronchial infection for elimination of the 
infected material. We also think that this fact reveals, indirectly at least, the 
relative scarcity of hematogenous pathogenesis of intestinal ulcers, while we find 
it more frequently in cases with bronchogenous dissemination. In spite of 
bronchial infections and of the presence of cavities and softened foci and in 
spite of the child’s lack of resistance to tuberculosis, specific laryngitis was infre- 
quent in our material; we explain this by the swiftness of evolution in infantile 
tuberculosis. In the adult, tuberculosis often continues developing for years; 
the mucosa of the larynx is frequently affected and constitutes a serious and im- 
portant complication (Cohen (14), Donelly (15) etc.). 

Among the foci in group B, in 4 the largest diameter was 35 mm. or more, 
in 5 it was 12 mm., in 2,30 mm. and in 8,6 mm. In group A only 10 out of 26 
foci were larger than 6 mm. (38.4 per cent) and in group B, 11 out of 19 (58 
per cent). These large foci are the ones which present central liquefaction 
caused either by anatomical influences (lack of circulation) or by massive in- 
fection. We see in our material that liquefaction and the formation of a pri- 
mary cavity depend chiefly on the size of the focus and, only because of this, 
should a large focus from the first moment onward have a worse prognosis than a 


small one. 


A case of probable endogenous reinfection in this group deserves some special considera- 
tions (case 9). She was a 3 year old girl with a nearly completely calcified focus, subpleural 
near the base of the right inferior lobe. In the left inferior lobe we found a tuberculous 
endobronchitis of a major bronchus which led directly to an immense caseated focus of 
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triangular shape with various small central cavities. We gave special attention to the right 
inferior and superior tracheobronchial lymph nodes which were found extremely large 
and caseated and which compressed the principal right bronchus without producing any 
atelectasis. We consider the presence of such large caseated lymph nodes quite excep- 
tional in a case with a calcified focus, taking into account the child’s young age. Generally 
speaking, the nodal part of a primary complex depends on the age of the focus and one 
does not usually find a calcified focus as in this case, with large caseated nodal bundles; 
all this points towards the supposition of an endogenous and lymphoglandular exacerba- 
tion (reinfection of Ghon). We also consider in this case the absence of atelectasis 
extremely interesting, since it failed to develop in spite of the intense compression and 
even deformation of the principal right bronchus and in spite of the “help” given by a 
hydrothorax of 200 cc. in the right pleural cavity. 

We have repeatedly seen that the mere compression of the principal bronchi is not 
sufficient to produce extensive atelectasis, because the wall of the large bronchi is appar- 
ently too rigid and resistant. This case can be variously interpreted and we consider only 
the calcified primary focus in the lower right lobe as a certain primary focus. The 
examination of lymph nodes raises doubts. The following groups of lymph nodes were 
found to be completely caseated: upper and lower right tracheobronchial (plum-size), 
bilateral paratracheal (bean-size) posterior mediastinal (plum-size), bilateral hilar (straw- 
berry-size) and the mesenteric, joined in a fist-sized bundle weighing 95 g. (in relation with 
an ulcerative tuberculosis of the intestine). 

This description seems to point toward a generalized caseous lymphadenitis, very 
frequent in the childhood type in relation to the primary focus. Less probable seems the 
possibility of an exogenous reinfection with the formation of a new focus. The triangular 
focus in the lower left lobe could be a new Ghon focus; this is improbable because of the 
lack of caseated interlobar and left tracheobronchial lymph nodes and also because of the 
child’s age, because the loss of tuberculous allergy in a child of 3 years, with the certain 
presence of a calcified focus, would be most extraordinary. 

It is possible that bronchial tuberculosis in this case is either the cause or the conse- 
quence of the caseous focus in the same lobe; there are positive and negative arguments 
for both possibilities. 


Saldias (17) recently published a study on lymph node tuberculosis and agreed 
with Ghon (18), Puhl (9), Huebschmann (12), Sweany (19) etc. in explaining the 
existence of caseated lymph nodes in the presence of an old focus as an endoge- 
nous reinfection; we consider this the most probable development in this case. 


Case 15 also was exceptional; a girl of 21 months. We found three pulmonary foci, the 
largest one was bean-sized, in the left upper lobe, the second focus, situated one cm. below 
the first one, was pea-sized and the third one, in the lower left lobe, one cm. over the base 
was also pea-sized. All three were completely caseated and circumscribed, apparently 
of the same age. The following lymph nodes were found completely caseated: left inter- 
lobar (up to 30 mm. in diameter), upper and lower bilateral tracheobronchial (up to 12 
mm.), anterior mediastinal (up to 30 mm.) and posterior mediastinal (up to6 mm.). In 
the lungs, liver, spleen and kidneys we found miliary tubercles and also a pea-sized 
tuberculoma in the left gyrus centralis posterior, situated in the cortex but not touching 
the leptomeninx. In the principal bronchus of the right middle lobe we found an exten- 
sive ulcero-caseous bronchitis and a complete caseation of the inferior third of the corre- 
sponding lobe. The location of the bronchitis, in a bronchus opposite the foci, is rather 


4 

J 


404 J. SCHWARZ 


strange and we could even suppose this to be the consequence and not the cause of the 
caseation found in the right middle lobe. This girl also contracted diphtheria with thick 
membranes in the larynx and trachea that doubtlessly accelerated her death. 


In the 18 cases of bronchial dissemination we already have noted the follow- 
ing macroscopic bronchial lesions: 
(1) Bronchial perforation caused by caseated lymph nodes (cases 5, 24 and 55). 


Case 5: Twelve year old boy with a caseated Ghon focus, bean-sized and subpleural in 
the posterior part of the upper third of the right lower lobe. Between many caseated 
lymph nodes was a walnut-sized one in the right lung-hilus. This lymph node produced 
a perforation of the anterior wall of the right principal bronchus. Acinous foci were in 
the right lower lobe. 


Case 24: A 14 months old girl. Immediately below the bifurcation of the trachea we 
found a perforation of 2 mm., situated in the inferior wall of the main right bronchus; 
it led to a cavity corresponding to the lower right tracheobronchial lymph nodes which 
were entirely softened and ulcerated, forming a cavity whose limits were the main bronchi 
and the esophagus, respectively. This cavity had ample communication with another 
cavity corresponding to the upper left tracheobronchial lymph nodes; these, in turn, were 
in communication with a large cavity situated in the left lower lobe. We found a cavern- 
ous focus in the upper third of this lobe, traversed by many bronchi and blood vessels. 
The cavity was not yet rounded and its upper margin was formed by a triangular caseated 
zone which, in its turn, presented central liquefaction. This cavity had ample communi- 
cation with the cavity situated in the upper left tracheobronchial region. The lower 
two-thirds of this lobe were occupied by caseous pneumonic foci. In the other pulmonary 
lobes we found miliary tubercles, also somewhat larger ones. In the spleen, liver and 
kidneys we discovered miliary tubercles and also larger ones, and in the brain a tubercu- 
loma without meningitis and in the intestine many specific ulcers. Summarily, this is a 
case of a large focus in the upper third of the left lower lobe with completely liquefied 
regional lymph nodes in the lower tracheobronchial region, expanding toward the right 
main bronchus. There is communication between this cavity and another upper tracheo- 
bronchial one which, in its turn, stands in direct communication with the primary cavity. 
Formation of a caseous pneumonia in the lower two-thirds of the left lower lobe, apparently 
more closely related to the primary cavity than to the lymph node perforation on right 
side. We observed no bronchogenous foci in the right lung, apparently because the 
communication between the softened lymph nodes was wider and easier to pass through 
for the infected masses than the narrow perforation leading toward the right main 
bronchus. 


Case 55: Perforation of the right mid-lobe bronchus by ulcerated and caseated interlobar 
lymph nodes with a nearly complete atelectasis of the right middle lobe. The strawberry- 
sized primary focus of this 4 year old girl was found in the same lobe and showed central 
liquefaction. 


(2) Bronchial perforations in relation with cavities (cases 40, 48 and 49). 
Case 40: Complete destruction of the right upper bronchus in relation with a giant primary 


cavity in the upper third of the same lobe and intense bronchogenous dissemination in 
all pulmonary lobes. 
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Case 48: Perforation of the right main bronchus at the entrance to a walnut-sized primary 
cavity situated in the upper part of the right upper lobe. Consequently we found a very 
dense bronchogenous dissemination in the three right pulmonary lobes. 


Case 49: Perforation of the right upper bronchus at the entrance to a large primary 
cavity that occupies the upper two-thirds of the corresponding lobe. As a remarkable 
localization we may add, in this case, the presence of a lentil-shaped ulcer on the mucosa 
of the hard palate, with clearly visible tubercles in its red margins. 


(3) Bronchial ulcerations with or without perforation (cases 9, 29, 39, 40, 4, 
15 and 21). 


Case 4: Ulcerative tuberculosis of the right middle and left lower bronchus with broncho- 
genous dissemination and atelectasis of the two lobes. The active Ghon focus we found 
in the right lower lobe and without relation to the ulcerative bronchitis. 


Case 9: See page 402. 


Case 15: Ulcerative bronchitis of the right mid-lobe bronchus and complete caseation of 
the lower third of the corresponding lobe. (See also page 402.) 


Case 21: Bronchitis ulcerosa of the left lower bronchus with acinous foci in this lobe; we 
found also the Ghon focus in the same lobe. 


Case 29: Deep ulceration (without perforation) of a large bronchus of the left lower lobe 
with the formation of an enormous caseated focus with central ulceration in this lobe. 
The Ghon focus was found on the other side in the lower lobe; it was active. 


Case 39: Deep ulceration of the right main bronchus without perforation. Caseous 
pneumonia of the right upper lobe. The child died of a purulent and tuberculous peri- 
tonitis, the result of a perforation of tuberculous ulcers in the lower ileum. 


Case 40: Deep ulcerations with perforations of the right main bronchus, leading directly 
to a pulmonary cavity situated in the upper third of the right upper lobe (primary cavity 
with a maximum diameter of 30 mm.). In the right upper and lower lobe we found 
several small softened cavities and numerous acinous and caseated foci. 


(4) Bronchogenous dissemination without bronchial lesions (cases 3, 10, 17, 20 
and 52). Doubtlessly there existed a bronchial lesion in these cases, but it 
was not found. 


Case 3: Focus in the upper third of the left lower lobe and numerous bronchogenous foci 
in the rest of this lobe. In the upper lobe there were few acinous foci. 


Case 10: Focus in the lower third of the right upper lobe, caseous pneumonia throughout 
the rest of the lobe. 


Case 17: Numerous acinous foci in all pulmonary lobes, in a primary infection of a 10 
year old girl. Also very intense hematogenous dissemination. 
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Case 20: Caseous pneumonia of both upper lobes in a primary infection of a 9 year old 
girl. 


Case 52: Numerous acinous foci in all pulmonary lobes in the course of a cavernous 
phthisis in an 11 year old girl. 


Intestinal lesions were found in all cases except cases 5, 20, 21 and 40, in spite 
of serious destruction of the bronchial mucosa found in the latter case. But we 
have to emphasize the great importance of bronchial tuberculosis for the de- 
velopment of intestinal ulcers. This is impressingly shown by our statistics, 
which show that in group A there were only 38 per cent intestinal foci, whereas 
in group B, with multiple bronchial lesions, there were 76.5 per cent. 


G. SELECTIVE HEMATOGENOUS DISSEMINATION, ESPECIALLY TO THE 
LEPTOMENINX IN CONNECTION WITH TYPICAL LYMPHOGLANDULAR 
EXACERBATION 


Case 16: The primary focus was found in the right lower lobe near the base; it was fibrous, 
with the centre already calcified and about the size of a small pea. A lower right tracheo- 
bronchial lymph node contained a small caseated focus and several small calcified foci 
and miliary tubercles. The only hematogenous manifestation found was ostitis of the 
atlas and the epistropheus with complete destruction of the body of these vertebrae. The 
dens epistrophei was found completely severed from its base and hanging over the dura 
mater. We also found a cerebrospinal tuberculous meningitis with exudation and 
tubercles in the usual places. Because of the absence of miliary tubercles in the lung, 
liver and spleen one could also suppose a direct infection of the meninges from the verte- 
brae, a rare but not unknown condition. This latter possibility is supported by the 
finding of an isolated tuberculous pachymeningitis of the cervico-occipital region. 


I, PRIMARY CASEATED COMPLEX IN ACTIVE STAGE WITH ISOLATED HEMATOGENOUS 
TUBERCLES 


Case 45: An 11 year old boy with a relatively old caseated, pea-sized focus with central 
calcification, situated 1 cm. below the pleura near the base of the right lower lobe. The 
lower right tracheobronchial lymph nodes showed tuberculous hyperplasia and a few 
calcified foci. The right paratracheal lymph nodes showed tuberculous hyperplasia. In 
the lungs we found a few miliary tubercles. On sectioning the lungs no large recent or 
old foci were found, except the Ghon focus. But we found a tuberculous ulcerative 
laryngitis with complete destruction of the upper right chord and partial destruction of 
the left and lentil-sized ulcerations on the mucosa of the anterior wall of the larynx 
immediately below the inferior chords. In the intestine we found no ulcerative lesions. 
No macroscopic or microscopic lesions were found in the liver and spleen. From the 
pathogenetic point of view this is a rare case. In the first place, laryngeal tuberculosis is 
found very infrequently in children, probably because of the rapid evolution of their 
tuberculosis. Second, it seems to us undoubtedly one of the exceptional cases, confirmed 
by anatomical examination, of purely hematogenous laryngitis with a complete lack of 
major lesions of the lung. It seems impossible to blame the primary focus itself for this 
laryngeal infection, because of the lack of any indication of a cavitary process in the area 
of the focus. The small size of this focus with no cicatrization in its surroundings does 
not suggest the presence of a cicatrized cavity. Summarily this is an extraordinary case 
of hematogenous tuberculous laryngitis in a child of 11 years. 
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Clinically, the diagnosis of hematogenous tuberculous laryngitis is made with 
relative frequency in cases of hematogenous dissemination where the larynx is 
included and a pulmonary cavitary image is missing (Cohen (14), Donelly (15), 
Charlier (47), Stevenson (16)). But anatomically these cases are very scant 
and in our experience this is the only case. This child’s death was caused by 
an intense rheumatic endo- and myocarditis. 

Hematogenous laryngitis is so rare that in the current text-books it is only 
referred to very shortly. 


J. PRIMARY FIBROUS CHEESY COMPLEX (CLOSED) 


Cases 14, 18, 19, 43, 46, 47, 50 and 51. 

Out of these 8 cases, there is only one that does not exactly correspond to the 
title. This is case 19, where we found a focus still caseous, but without any 
hematogenous complications. Cases 14, 18, 47 and 51 had a closed eomplex 
with cheesy-fibrous foci and lymph nodes; cases 43, 46 and 50 showed complete 
calcification. Five died of epidemic meningitis (nos. 14, 18, 19, 43 and 51), 
case 50 of otogenous meningitis, case 46 of typhoid fever and case 47 of uremia 
(pyelonephritis). We can say that the outbreak of epidemic meningitis notably 
diminishes the relative number of fatal tuberculosis which in normal years 
would probably reach 90 per cent of all tuberculosis autopsies. 


L. PRIMARY CALCIFIED PULMONARY FOCUS WITHOUT LYMPH NODE CHANGES 


Our case does not correspond exactly to the title used by Terplan (1). 


Case 33: A 2 year old girl with a lentil-size focus in the right middle lobe. This focus 
was yellow, indicating recent caseation, and it was well demarcated from the surrounding 
normal tissue. Macroscopically, infected lymph nodes were not found, although all 
respective nodal groups were sectioned; neither did the histological examination of these 
lymph nodes disclose any tubercles. The examination of the focus showed a picture of 
pneumonia with intense desquamation of the alveolar epithelium and many large cells of 
varying shapes with large and clear nuclei in the alveoli. We found lymphocytes in large 
numbers, especially in the interstitial tissue, while in the alveoli there were more polynu- 
clear cells. Caseation and giant or epithelioid cells were not observed anywhere, but we 
found a certain fibrinous exudation colored intensly pink with hematoxylin-eosin. No 
tubercle bacilli were found in sections. Neither did staining with Sudan III reveal the 
presence of fat (to explain the yellow coloring of the focus). We think there is a proba- 
bility of this being a very recent primary tuberculous focus without infection of lymph 
nodes, such as have been described by Zarfl (25), Ghon and associates (24). We realize 
that the failure of demonstrating tubercle bacilli might indicate that this is not a primary 
focus. But at that times we had great difficulties in getting proper staining materials 
and parallel examinations of obviously tuberculous tissues gave equally negative results. 
This leads us to think that, in spite of all difficulties, this is a tuberculous focus. We 
present the following reasons: (1) its subpleural localization, and its circumscribed shape 
and the yellow coloring of the focus; (2) the delimitation which also shows in the histo- 
logical examination, the lack of fats and the morphological picture itself of a pneumonic 
circumscribed focus with grave cellular alteration, fibrinous and cellular exudation in a 
place so circumscribed, without any bronchitis and peribronchitis, as it is generally ob- 
served in cases of bronchopneumonic nonspecific foci in childhood. 
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me © INTESTINAL TUBERCULOSIS WITH CASEATED MESENTERIC LYMPH NODES 


In case 1 we found a very small flat ulcer situated in the ileum about 9 cm. above the ileo- 
cecal valye; its margins were only slightly elevated and its size was that of half a lentil. 
The bottom seemed red and gave the impression of the presence of small tubercles, 
especially near the margin of the ulcer. We found a completely caseated pea-sized lymph 
node adherent to the serosa, and, also in the ileocecal region, we found various partially 
caseated: smaller lymph nodes. The lungs, liver, spleen and kidneys were examined 
macroscopically and some sections also histologically: there was no tuberculosis. The 
histological examination of the focus and lymph nodes gave the usual picture of an erosive 
intestinal tuberculosis with several miliary productive tubercles in the neighboring sub- 
mucosa and the erosion itself was covered by pseudomembranes, constituted by necrotic 
masses and fibrin. The lymph nodes examined showed typical caseous tuberculosis. 
This child died of bronchopneumonia. 


Case 20: The other case of a primary intestinal focus shows a cicatrizing erosion in the 
lower ileum with complete caseation of the local lymph nodes; the largest was 30 x 11 x 18 
mm. Animal inoculation of one of the lymph nodes and a simultaneous culture yielded, 
as in case 1, tubercle bacilli of the human type. This child died of endocarditis lenta. 
As we already have said in the introduction, we connect the low number of intestinal 
infections with the scant consumption of milk. 


DISCUSSION 


In our material, 78.6 per cent of the foci were found in different stages of casea- 
tion, and 89.1 per cent, respectively, if we consider only the cases where tubercu- 
losis was the cause of death. This number is higher than that of Lange (10) 
who found 77 per cent caseated foci in a material in which 83 per cent died of 
tuberculosis. (Naturally these comparisons are greatly influenced by the chil- 
dren’s age, since in small children more caseated foci are found than in older 
children.) 

In our material 5.3 per cent of the total and 6.4 per cent, respectively, of the 
cases that died of tuberculosis had multiple foci. These percentages are very 
similar to those of Ghon and Winternitz (6) (6.2 per cent) Lange (10) (7.1 
per cent), Blumenberg (11) (8.7 per cent) and Ickert (20) (9.4 per cent), while 
Puhl (9) found 13 per cent and Terplan (1),among cases that died of tuberculosis, 
17.4 per cent. One could well suppose that Terplan’s material shows the real 
proportion, considering his use of radiological examinations. 

The primary cavity, according to some authors (Auerbach cit. by (1)), is 
only produced shortly before death; this opinion is different from Ghon’s (6), 
Terplan’s (1) and Huebschmann’s (12), and neither do we agree with it. So as 
to get a certain clarity and uniformity we should distinguish the proper primary 
cavity from the central liquefaction found in many primary foci. Naturally, 
the primary cavity is the final stage of a process which starts with caseation, 
softening and which finishes by the expulsion of necrotized masses. But even 
from the clinical point of view, the liquefaction without expulsion will probably 
not give the same radiological image; therefore the difference between central 
liquefaction and a real cavity has also a practical importance. 
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We do not want to create a substantial difference between central liquefaction 
and a cavity; we only want to emphasize the presence of a gradual difference 
between the two processes. Among 191 cases of progression foci Ghon (21) 
found 89 cases with cavities (46 per cent), Blumenberg (11) found 34 per cent, 
Loeschke (cit. 23) 25 per cent, Terplan (1) 20 per cent and Lange (10) 14 per 
cent. In our 36 cases of progressive foci we found 11 partially or completely 
caseated with central liquefaction and 8 with large cavities, that is, a total of 
53 per cent, average higher than Ghon’s, in spite of the fact that the latter’s 
material consisted almost exclusively of babies under one year of age. This 
circumstance by itself raises the number of primary cavities, which are in direct 
relation to the children’s age. This shows an impressive comparison to our 
group A material. The average of the children’s age in this group was 4 years, 
the age of all 6 cases with liquefaction, one year. In other words, of the 26 
children with hematogenous dissemination in group A, 2 were under one year of 
age (both with primary cavities), 8 between one and 2 years (4 of these with 
primary cavities) and 16 over 2 years with no primary cavities. 

Table 6 from our material shows that the degree of softening also depends on 
age. With increasing age the danger of formation of a large cavity (primary 


, TABLE 6 
Relation between age and development of the Ghon focus (groups A and B) 


number: 4 cavities: 3 central liquefaction: 1 
1-2 years number: 11 cavities: 4 central liquefaction: 2 
2-15 years number: 29 cavity: 1 central liquefaction: 6 


!!) apparently decreases considerably. The circumstance of finding in group 
B (combined hematogenous and bronchogenous dissemination) older children, in 
the first place, points to the well known fact that during the first month of life 
hematogenous dissemination is so early and intense that it does not even allow 
the development of bronchogenous tuberculosis, that is, the child rapidly dies 
of miliary tuberculosis. The great frequency of liquefaction and formation 
of cavities in our cases is so excessive, when compared to material like Terplan’s 
(1), Loeschke’s (23), Blumenberg’s (11) etc., that it seems indispensable to try 
to find an explanation. In an interesting study, Mayer and Rappaport (22) 
present the theory of the development of tuberculous infection in relation to the 
epidemiological state of the. population as shown in table 7. 

From facts already explained in the introduction, we can deduce that Chile, 
in spite of its very high morbidity and mortality rate from tuberculosis, is yet 
distant from the apex of its tuberculization. ‘Therefore we can count on very 
low resistance and an acute development of the disease, according to the first 
epidemiological stage. The primary cavities were frequently very large: the 
largest occupied two-thirds of the corresponding lobe (case 49); another one 
measured 5 x 2 cm. in a child of only 14 months (case 24). In 5 children the 
largest diameter of the primary cavity was about 3 to 3.5 cm. (cases 11, 13, 8, 4 
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and 48). Only one was bean-sized (case 10). In our material there are many 
more softened and cavernous foci on the right side than on the left. For ex- 
ample, in no less than 5 out of 9 cases the cavities were situated in the right 
upper lobe, 3 in the other right lobes and only one cavity was in the left lower 
lobe. Liquefaction of bronchogenous secondary foci seems unusual in children; 
Ghon mentions it twice, Terplan (1) only once; we have observed it in a series 
of cases (9, 29, 40, 48 and 52). 

We also attach importance to the great proportion of the female sex in cases 
of liquefaction of the primary focus (13 girls and 4 boys), while the total of 


TABLE 7 
Development of tuberculous infection in relation to epidemiology (Mayer and Rappapori) 


TUBERCULIZATION UPGRADE PEAK DOWNGRADE 


Virgin Tuberculized fully Detuberculization 
Rising Highest Declining steadily 
Morbidity........| Rising Highest Declining steadily 
Resistance Low but rising High Beginning to decline 
Low but rising | High, prevalent and | Declining 
permanent 
Increasing Wide-spread and severe | Declining 
Rising incidence | Prevalent before adult | Declining, particularly 
age reached before adult age 
None None, hardly ever before} Rising throughout adult 
middle age age 
Acute and sub- | Chronic endogenous Chronic exogenous 

acute general- phthisis and chronic phthisis 

ized forms hematogenous forms 
Infrequent, short} Prevalent and long be- | Declining and shorten- 
tween primary and ing between primary 
chronic pulmonary tu-| and chronic pulmo- 
berculosis between nary tuberculosis 
bouts of hematogenous 
dissemination 


fatal cases shows a proportion of 25 girls to 20 boys. In another place we will 
go back to the importance of sex in the development of tuberculosis. 

We have observed a cavernous tuberculosis of the adult type in the presence 
of a caseous Ghon focus in an 11 year old girl (case 52), in whom we found 
immense cavities in all five lobes. The largest was the size of a hen’segg. The 
Ghon focus was slightly ulcerated in the centre but it had a cheesy- 
fibrous capsule. 

We observed a tuberculous ulcerated tonsillitis without bronchial tuberculosis 
and without a pulmonary cavity (case 30). We do not think we overlooked a 
bronchial ulceration, neither did we find tuberculous ulcers in the intestine. 
We consider this case an example of hematogenous infection of the tonsils, as 
in case 45 where we classed the pathogenesis of tuberculous laryngitis as hema- 
togenous, seeing it lacked pulmonary and bronchial exudative foci. Naturally, 
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these cases are exceptional and we fully agree with other authors who say that 
the tuberculous infection of the tonsils, the larynx and the intestine is generally 
intracanalicular and depends either on an exudative cavitary pulmonary process 
or on an ulcerated bronchial process. 

We would like to add a few words concerning the diagnosis of whooping cough 
in tuberculous children. In old and modern texts we frequently find that 
pertussis is very important as a forerunner and pacemaker of a tuberculous 
generalization either of the hematogenous or bronchogenic type. In our mate- 
rial we have observed the diagnosis of pertussis in a large number and we feel 
that undoubtedly bronchial tuberculosis, bronchial alterations caused by lymph 
node compression and other factors, such as the stasis of bronchial exudation 
etc., can cause a clinical syndrome with attacks very similar to pertussis (Simon 
and Redeker (23)). These authors say, ‘“‘...not very rarely we observe this 
confusion,”’ meaning the confusion between whooping cough and the sympto- 
matic cough of tuberculosis. Very impressive is example no. 22 of these 
authors: “‘. . . the case of a 3 year old boy who, a year and half ago, had been 
infected by his mother. During several days the cough shows the typical 
characteristics of whooping cough of certain intensity: fits at the beginning, 
facial cyanosis, grave reprise, vomiting and suffocation. The fits of coughing 
repeated themselves several times every day and were so similar to whooping 
cough fits that it was impossible to convince the personnel of the clinic that this 
was not the case, although the personnel had had ample experience with sick 
children. Neither in the sanatorium nor at the child’s home, where he had a 
little sister of a year and a half, was there a case of pertussis. On the contrary, 
the X-ray photograph and the existence of a fistulated cervical lymph node with 
several phlyctenulae support the diagnosis of a lymph node and bronchial tu- 
berculosis.”’ 

We do not consider the histological examination of the lungs specific enough 
to diagnose pertussis. Confirming other author’s descriptions, we have fre- 
quently found bronchitis and peribronchitis in these cases but it is our experience 
on abundant and selected children material that the greater part of infantile 
pulmonary disease is produced under a similar picture. We have frequently 
seen this in paravertebral bronchopneumonia, in current pneumococcic bron- 
chopneumonia, in cases with bronchiectasis, etc. 

According to the 1937 statistics, Chile heads the whooping cough mortality. 
No less than 20.2 in 100,000 die of pertussis in Chile. This contrasts with the 
average of New Zealand (0.9), Sweden (1.6), U. S. A. (8.9), England (4.3), 
Uruguay (5.0), etc. We think that many, if not most cases that are listed as 
victims of whooping cough in Chilean statistics, in reality died of tuberculosis, 
since bacteriological diagnosis of pertussis is not even practiced in all hospitals 
and is practically unknown outside these. We selected at random from our 
material cases 4, 11, 54 and 55, all sent in with a diagnosis of pertussis, so as to 
prove our opinion. 


Case 4: Recent Ghon focus with large masses of caseated lymph nodes, with compression 
of numerous bronchi. Many atelectatic foci had formed in all pulmonary lobes. More- 
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over, a bilateral hydrothorax (200 cc.) and bronchiectasis, especially in the right lower 
lobe, were found. 


Case 11: Primary cavity, 2 cm. in diameter, with a perforation into the pleura and right 
pyopneumothorax. Right pleuropericarditis in organization. 


Case 54: Large, pea-sized tuberculous focus, completely caseated. Large plum-sized 
bundles of caseated lymph nodes, compressing several bronchi. Besides, numerous 
pulmonary miliary tubercles. 


Case 55: Without referring to the well known picture of the primary complex with large 
lymph node masses, we found a bronchial perforation of an ulcerated lymph node next to 
the right middle bronchus. In this case we found a nearly complete atelectasis of the 
right middle lobe and a hydrothorax, hydropericardium and an apparently tuberculous 
destructive laryngitis. 


These 4 cases show clearly, in our opinion, that the clinical diagnosis of whoop- 
ing cough cannot be maintained in cases of cough in children if rigorous examina- 
tions, especially cultures, are not made. From this we have to deduce that a 
large number of cases which, according to the statistics, die of whooping cough 
should be added to those dead of tuberculosis. This is surely the most logical 
explanation for such a high whooping cough mortality rate for which there seems 
no other cause. 

Cases described as epituberculosis (Eliasberg (30)) are the ones with radio- 
graphic shadows in one or more pulmonary lobes. Usually one finds an anatomi- 
cal substrate in the form of an atelectasis caused by a compression of the bronchi 
by lymph nodes which generally belong to a primary complex, or by a rupture 
of lymph nodes into the bronchial lumen or by endobronchial complications. 
(References 26 to 41.) Blatt, Simon and Redeker, etc. still maintain the con- 
cept of massive benign perifocal inflammation as an anatomical substrate; we 
consider this mistaken. 

We agree mainly with the expert opinions of Roessle, Terplan, etc., but we 
have to add that we consider the syndrome of epituberculosis as infrequent; 
we doubt that prognosis is as absolutely benign as suggested by some clinics; 
and lastly we believe that the mechanism of production of atelectasis is more 
complicated than it seems at first sight. As for the prognosis, a study of the 
cases in the literature and our own (small) experience teach us that the atelec- 
tative lung participates in tuberculous dissemination, whether hematogenous or 
bronchogenic, so that the evolution of the atelectatic lobe may depend only on 
the development of the basic pulmonary process which makes us emphasize the 
possibility of stating that not every epituberculosis has a benign prognosis. 
For example Terplan, in 3 out of 5 cases of epituberculosis, describes bronchial 
tuberculous lesions in the atelectatic lobe, so that undoubtedly bronchogenic foci 
would have formed in these cases. 

As for the mechanism of production, according to our experience, the mere 
compression of the principal bronchi generally does not produce atelectasis, 
apparently because of the great rigidity of the main bronchi. We have seen 
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atelectasis in compressions of the minor bronchi by caseated lymph node masses, 
not very large, but always accompanied by an intense specific endobronchial 
exudation of catarrhal or mucopurulent nature. This is not the place to discuss 
whether the presence of endobronchial exudate is cause or consequence of pul- 
monary atelectasis. We consider it a consequence of bronchial compression; 
a stagnation of the exudate takes place and this automatically produces an 
infection of the stagnant exudate and a rapid increase of secretion; and this, 
even if does not actually produce atelectasis, at least helps to produce it. Also 
in cases where atelectasis is produced exclusively, by endobronchial processes, 
such as tuberculous ulcers of the bronchial mucosa, we always see a large quantity 
of exudation which, as in the former example, we consider indispensable for the 
provocation of atelectasia. Some experiences which we published with Mene- 
ghello and Pefia also shed some light on this point (13). They refer to the effects 
of aspiration of this exudation which rapidly changes the radiological picture; 
the formerly atelectatic lobe now acquires its normal image. According to our 
opinion, one could define epituberculosis as an infrequent syndrome which is 
produced generally in children and is related to primary tuberculous infection, 
having as an anatomical substrate an atelectasis which, in its turn, is produced 
either by outside compression without specific endobronchial lesions (Roessle’s 
“pure” cases), but accompanied by an abundant secretion, caused by stagnation 
of normal secretion; or which is caused by endobronchial processes, such as 
ruptures of lymph nodes into the bronchial lumen, bronchial ulcers etc., all 


accompanied by abundant bronchial exudation. Our cases clearly prove what 
we have said. 


Case 4: A4}yearold boy. Nearly complete atelectasis of the right middle lobe with many 
miliary tubercles in the parenchyma of the affected lobe. Most of the large and small 
bronchi of this lobe were obstructed by mucopurulent exudate which was microscopically 
nonspecific. Some bronchi also showed specific lesions with small specific acinous foci. 
Compression had developed in the interlobular septa where immense lymph nodes, belong- 
ing to the primary complex (the focus was found in the left lower lobe), compressed the 
right middle bronchus. In the left lower lobe we found some acinous foci and wide-spread 
atelectasis. The histological examination revealed tuberculous endobronchitis of numer- 
ous completely covered small bronchi, most of them with polynuclear exudate. Without 
examining the cause of the infection of the bronchial mucosa, it shows us in this case: (1) 
atelectasis of a whole lobe (right middle) caused by compression and a grave specific, 
mucopurulent endobronchitis and (2) a tuberculous endobronchitis of the left lower lobe, 
which, with its abundant purulent exudate, is sufficient to produce itself (without bronchial 
compression) an atelectatic zone. As a consequence of tuberculous bronchitis in the two 
mentioned lobes, acinous foci were produced; we want to emphasize this in contrast to 
the absolute benignity of epituberculosis proclaimed by some authors. 


Case 55: A 4 year old girl with a completely ulcerated and caseated focus in the right 
middle lobe. Regional caseated lymph nodes produce a perforation of the right middle 
bronchus with large masses of exudate in the lumen. The right middle lobe consequently 
shows a nearly complete atelectasis and acinous foci, while the other pulmonary lobes 
only show signs of hematogenous dissemination. The presence of a sero-hemorrhagic 
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pleuritis (100 cc.) may also have contributed to the formation of atelectasis. This case 
(already described in the chapter referring to pertussis), like case 4, shows that pulmonary 
atelectasis is produced by many causes, not only by one. Case 4 could be interpreted as 
“pure” epituberculosis (Roessle), since the principal cause is a compression from the 
outside (only microscopically we found a tuberculous endobronchitis of small bronchi, 
independent of bronchial compression). Case 55 is an example of epituberculosis by 
specific exudate, produced chiefly by a rupture of softened and caseated lymph nodes into 
the bronchial lumen. 


In our experiences we find more cases of lymph node ruptures into bronchial 
lumina without atelectatic lesions. The easiest explanation would be that 
atelectasis is a very short stage which rapidly disappears if some obstacles are 
removed, but we do not know whether this explanation is correct and satisfac- 
tory in all cases. 

We also want to say a few words about meningitis found in our cases, because 
in a future study with Meneghello we will describe in extenso our observations 


TABLE 8 


Relation between age and tuberculous meningitis in hematogenous diffuse generalization in our 
material (45 cases) 


WITHOUT MENINGITIS 


MENINGITIS 


TUBERCULOMA WITHOUT 
MENINGITIS 


0-12 months 
12-24 months 


2 
3 


11 
3 
3 


22 20 


in 3G cases. In our material a relatively small number of meningitis cases 
attracts our attention. Terplan (1) observed meningitis in all cases with 
hematogenous generalization ; we only found it in 20 out of 45 cases with hema- 
togenous diffuse generalization (44.4 per cent). Probably this fact is influenced 
by the children’s age and by the malnutrition and lack of resistance found in 
our material which lead to the children’s death before meningitis is developed. 

In table 8, our 45 cases with hematogenous dissemination are presented. 

Another comparison between Huebschmann’s (12), Terplan’s (1) and our 
material yields the results presented in table 9. 

Out of our 20 cases, 12 were girls with an average age of 3.7 years and 8 boys 
with an average age of 6 years. Levinson (42) in his 899 cases of tuberculous 
meningitis had 57 per cent males (574 cases) and 43 per cent females (385 
cases). 

Meningitis developed as a consequence of early dissemination, that is, in 
immediate relation to primary infection, in 13 cases: 11, 13, 17, 21, 27, 34, 35, 37, 
38, 42, 48, 56 and 57. In the 7 remaining cases we found a completely calcified 
focus four times (16, 36, 44, 53), a cheesy fibrous Ghon focus with a calcified 
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centre once (25) and in 2 cases the focus was not found (6, 26). In the cases 
with a calcified focus we found the following nodal lesions. 


Case 16: Regional lymph nodes with calcified foci, the larger ones were caseated and had 
miliary and confluent tuberculous foci. 


(ase 36: Tracheobronchial lymph nodes were calcified; we found cheesy-fibrous foci in 
the paratracheal lymph nodes and in the venous angle and small grayish nodules in 
hyperplastic lymph nodes. 


(Case 44: Complete calcification of the broncho-mediastinal lymph nodes without active 
foci. 


TABLE 9 


Comparison of relation between age and meningitis in postmortem material of Huebschmann 
(Diisseldorf, Germany), Terplan (Buffalo, U. S. A.) and Schwarz (Santiago, Chile) in 
hematogenous generalized forms 


TOTAL NUMBER 
OF CASES 


HEMATOGENOUS 
GENERALIZATION 
WITH 
MENINGITIS 


HEMATOGENOUS 
GENERALIZATION 
WITHOUT 
MENINGITIS 


MENINGITIS 
WITHOUT DIFFUSE 
HEMATOGENOUS 

GENERALIZATION 


0-12 months 
Huebschmann 
Terplan 
Schwarz 


1-5 years 
Huebschmann 
Terplan 
Schwarz 


89 
17 
26 


76% 
100% 
50% 


75.2% 
88.2% 
42.4% 


16% 
0 
50% 


6.6% 
0 
57.6% 


% 


6-10 years 
Huebschmann 26 88% 12% 
Terplan 1 100% 0 
Schwarz 11 45% 10% 


Case 53: Tuberculous hyperplasia of the paratracheal lymph nodes and in the venous 
angle; the hiliar nodes were calcified. 


Cases 25 and 26 had, beside their calcified foci, caseous zones in the lymph nodes of the 
venous angle. 


Therefore we can say that, although tuberculous meningitis is frequently 
produced in the stage of early generalization, there are many cases where it is a 
consequence of a reactivation of the tuberculous process in the lymph nodes of 
the primary complex. This statement openly contradicts the opinion of Simon 
and Redeker (23) who, quoting Engel, say: ‘“‘...a tardy meningitis is an anom- 
alous event. Out of 36 cases of meningitis in children over 3 years Engel 
has seen only 2 cases proceeding from medium-aged foci.” 

As for the presence of tuberculomata in cases of tuberculous meningitis, due 
to circumstances beyond our control, it was impossible to obtain adequate 
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fixation of the brain before slicing, so that the sections made were relatively 
thick and incomplete in the few cases where it was possible to cut the brain. 
In spite of these adverse circumstances we found in the 13 cases in which the 
brain was sectioned 7 examples of tuberculomata, generally in the cortical sub- 
stance or immediately underneath it (cases 17, 25, 27,35, 37,48 and 53). Be- 
sides, in 2 cases we found meningeal tuberculomata, apparently of the arach- 
noid, which certainly had no relation to the brain substance itself (cases 11 
and 44). We believe that the tuberculoma has a great importance in the forma- 
tion of meningitis (according to Rich (45)), and this opinion is strengthened by 
the finding of 3 cases with tuberculomata without meningitis. (One of the chief 
arguments against the importance of the intima tubercle of Weigert in cases of 
miliary tuberculosis is, according to Huebschmann (12), that it is never found 
unless miliary tuberculosis has already attained the stage of complete develop- 
ment. Comparing this to tuberculous meningitis we could say that cortical 
tuberculomata may easily be the cause of meningitis as they are also found in 
cases with no meningitis. 

In several cases we have observed a group of miliary tubercles around the 
tuberculoma, in others there were none. This gives us the impression that the 
presence of tubercles around cortical tuberculomata depends chiefly on the 
lesion of the dura mater. In cases of pachymeningitis due to tuberculomata 
the perifocal spread was also evident in the leptomeninx. 

The relation between tuberculous ostitis and meningitis can be characterized 
as follows: tuberculous destruction of the two first cervical vertebrae seems 
responsible only in case 16 for the meningeal infection ; we found a circumscribed 
pachymeningitis with many small miliary nodules in the region of the medulla 
oblongata and tuberculous cerebrospinal meningitis. In this case there was 
an absolute lack of other localization of hematogenous dissemination. 

In some cases ostitis was certainly older than meningitis, such as in case 
44, where one year before death an osteoplastic operation of the spinal column 
had been performed, so as to prevent its complete destruction. During the 
autopsy we found a small tuberculoma in the leptomeninx which apparently 
developed in another phase of hematogenous dissemination; we consider it the 
cause of meningitis in this case. Among our 45 progressive cases we have ob- 
served 5 cases with tuberculous osseous lesions (cases 5, 7, 16, 25 and 44), all 
with vertebral foci, excepting case 25 where we found coxo-femoral arthritis. 
In many text-books it is described practically as a law that ostitis is the only 
extrapulmonary tuberculous localization. In case 5 we observed, apart from a 
miliary spread in all the organs, tuberculous peritonitis and pleuritis; in case 7 
several miliary tubercles in the lung; in case 16 only a calcified primary complex; 
in case 25, apart from hematogenous dissemination, intestinal ulcers (hematog- 
enous?); and in case 44 hematogenous dissemination and a tuberculous abscess 
in the left psoas. It is noteworthy that 4 cases had lesions either meningeal 
(16, 25, 44) or cerebral (4) or combined (25); this shows the importance that 
osseous foci have for hematogenous dissemination, as the majority of osseous 
foci are older than the final hematogenous generalization (Kremer (43) Harms 
and Merker (44)). 
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In case 20 we found near the pea-sized focus a thrombosed vein with a diameter 
of about 4 mm.; in case 54 we observed near the focus thrombosis and apparent 
caseation of the wall of a vein. The results of histological examination were, in 
both cases, large caseated tubercles in the walls of the respective veins. The 
finding of this lesion of the veins made us think of the possibility of a relation to 
generalization, and the histological picture of recent foci confirmed this opinion 
of which we will give an account another time. 

In case 54, examination of the spleen revealed the same vascular lesions as in 
the lung, that is, abundant tubercles in the intima of numerous vessels with 
or without ulceration. This case seems very instructive as an illustration on 
the immense difficulty of forming an opinion of the formal pathogenesis of hema- 
togenous generalization. The frequent circulation of tubercle bacilli in the 
blood, in many cases of progressive tuberculosis, seems to be proved (Lieber- 
meister, Léwenstein, Huebschmann (lit.)). Huebschmann (12) arrives at the 
same conclusion from the general state of the patient. Lately we have seen 
several examples of completely calcified latent foci where the deterioration of 
the general state influenced the reactivation of the lymph nodes of the primary 
complex. We are convinced that such reactivation of tuberculous processes 
occurs and that it can be proved beyond doubt by anatomical evidence. These 
lymph node reactivations lead, specially in the adult, to generalization; in chil- 
dren and in people with recent foci, we believe that bacilli have many oppor- 
tunities to enter small or larger vessels in the primary focus or immediately 
around it, by lympho-hematogenous propagation in relation to the focus or the 
caseated lymph nodes of the primary complex and by actual rupture of caseated 
masses through the vascular walls in the foci orin lymph nodes. We see no possi- 
bility of finding in every case the exact origin of bacillemia, specially since in 
every case there are probably several or even many regions of blood-stream 
invasion. From the morphological point of view it seems certain that the entry 
of bacilli into the circulation can take place (1) in the primary focus, (2) in any 
caseated lymph node, (3) in any pulmonary focus, specially when caseated (4) it 
may take place in combined lympho-hematic form, depending on foci and lymph 
nodes and (5) naturally in any extrapulmonary focus. It seems unjustified to 
look for the portal of entry chiefly or exclusively in the venous angle, even if one 
finds a large caseated lymph node next to the vena cava superior, and frequently 
visible through the venous wall to which it usually adheres. We do not in any 
way want to deny the importance of the lymph nodes of the venous angle. 
Ghon and his pupils (46, 1) have proved their significance. We only want to 
insist on the possibility, of whose frequency we know very little, that bacilli 
may enter into the circulation in other places, emphasizing the importance of 
the primary focus itself. We do not know the reason why foci often cicatrize 
and why in other cases there occurs a propagation of the tuberculous process; 
we cannot expect to elucidate this by morphological methods, nor can we know 
why the bacilli, while circulating in the blood-stream damage only certain 
organs and never attack all organs in the same form. (Table 10 presents a 
final summary of the distribution of tuberculous lesions observed in our 45 
cases of tuberculosis in children.) 
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TABLE 10 


Forty-five cases in which tuberculosis with hematogenous dissemination was the cause of death; 


localization of macroscopic findings 
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TABLE 10—Continued 


TUBERCLES IN 
ADDITIONAL FINDINGS OF 
TUBERCULOSIS 


Liver | Spleen | Kidney — 
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+> Laryngitis 


| sex 
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SUMMARY 


1. A comparison between anatomical material from Buffalo (U. S. A.) and 
Santiago (Chile) shows that the percentage of infected children and the death 
rate of tuberculosis are very much higher in Santiago. 

2. The incidence of tuberculin-positive reactors is much higher in Chile than 
in U.S. A. 

3. The rarity of intestinal foci in Santiago is explained by the insignificant 
consumption of milk, specially in the uncooked stage. 

4. While in Buffalo most children, dead of tuberculosis, had only hematoge- 
nous generalization, in our material we frequently found bronchial spread com- 
bined with hematogenous dissemination. 

5. Especially in this last group (group B) we found numerous Ghon foci 
with cavitation and with extensive involvement of the bronchial mucosa; we 
emphasize the great importance that bronchial foci hold for bronchogenic dis- 
semination and intestinal (secondary) infection. 

6. Tuberculous laryngitis in children—even in cases with large pulmonary 
cavities—is infrequent. Examples are presented of a case of hematogenous 
laryngitis and of a case with hematogenous tonsillitis, without exudative or 
cavitary pulmonary lesions. 

7. Multiple Ghon foci were found only in 3 cases; we emphasize the diagnostic 
difficulty when multiple foci of similar appearance are found in the same lobe. 
It is chiefly the size of the primary focus that determines central liquefaction 
and the formation of a cavity. In this indirect way the size of the focus de- 
termines the evolution of the disease; a large, not ulcerated focus has, in our 
opinion, no other consequences than a small focus in the same circumstances. 
Only the formation of a primary cavity indicates a bad prognosis, not the size 
itself. 

8. The distribution of cavitary Ghon foci greatly favors the right lung. 
(Out of 9 cavitary cases, 8 were found on the right side.) 

9. The liquefaction of the focus depends apart from its size on the age of the 
child. The number of cases with primary cavities decreases rapidly after 2 
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years of age. The large number of ulcerations and cavities in our material is 
partially explained by epidemiological factors, as the curve of infection still 
ascends (53 per cent of the progressive foci were found to have cavitation). 

10. The great importance of bacteriological diagnosis of whooping cough is 
discussed; many cases of “‘pertussis” are in reality either symptomatic cough of 
tuberculous processes such as bronchial compression or cavitary tuberculosis of 
the lung. 

11. Two cases of atelectasis (epituberculosis) are presented; we emphasize the 
infrequency of this picture, the importance of accumulation of causes that pro- 
duce atelectasis and the necessity of a careful prognosis of these cases, as in 
our (and other) material atelectasis is always accompanied by a tuberculous 
infection of the atelectatic lobe. The prognosis of ‘“‘epituberculosis” will de- 
pend on the general evolution of tuberculosis and not only on the elimination of 
causes of atelectasis. 

12. Bronchogenic dissemination is shown in 4 groups: 

(a) Perforation of bronchial wall by caseated lymph nodes. 

(b) Bronchial perforation related to pulmonary cavities. 

(c) Ulcerations of bronchial mucosa, with or without perforation. 

(d) Bronchogenic dissemination without a macroscopic involvement of the 
bronchial mucosa. 

13. The importance of the Ghon focus in the formal pathogenesis of hematog- 
enous dissemination is discussed. In 2 cases we have observed macroscopic 
lesions of large blood vessels with thrombosis near the Ghon focus. Micro- 
scopic lesions of the vessels are frequently found. The circulation of tubercle 
bacilli in the blood is admittedly frequent in all stages of progressive tuberculosis. 

14. In our material girls are more seriously affected (without relation to 
puberty); out of 20 cases of tuberculous meningitis 12 were girls; out of 17 
softened Ghon foci 13 were in girls; out of 18 cases of combined bronchogenic 
and hematogenous dissemination 13 were girls. 

15. Tuberculous meningitis is generally observed in early hematogenous 
generalization ; after the third year of age the frequency of meningitis diminishes. 

16. We consider the presence of brain tuberculomata of great importance for 
the formal pathogenesis of tuberculous meningitis, because of: 

(a) The frequency of tuberculomata. 
(b) Finding of tuberculomata without meningitis. 
(c) Difference in the ages of meningeal nodules and in other organs. 
(d) Lack (nearly without exception) of miliary tubercles in the brain 
 gubstance. 
SUMARIO 

1. Una comparacién del material de autopsias entre Buffalo (USA) y Santiago 
(Chile) demuestra que la cifra de los nifios infectados y la de los fallecidos de 
tuberculosis es mucho mas alta en Santiago, lo que corresponde a hechos com- 
probados también con la estadistica corriente de mortalidad. 

2. Las cifras de tuberculinisacién en Chile son mucho més elevadas que en 
EE.UU. 
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3. Se explica la escasez de chancros intestinales en Santiago con el consumo 
insignificante de leche especialmente en forma cruda. 

4. Mientras en Buffalo entre los nifios muertos de tuberculosis la mayorfa 
tenia unicamente generalisacién hematdégena, en nuestro material la diseminacién 
broncégena combinada con hematdégena es frecuente. 

5. Especialmente en este ultimo grupo se encontraron numerosos chancros 
primarios cavitarios y con gran compromiso de la mucosa bronquial por su vez 
acompafiada casi sin excepcién, por tlceras intestinales. Se subraya la gran 
importancia de focos en los bronquios para la diseminacién broncdégena y la 
infeccién intestinal (secundaria). 

6. La laringitis tuberculosa en nifios-también en casos con grandes cavernas 
pulmonares-es rara; se describe un caso de laringitis hematdégena, faltando por 
completo lesiones exudativas o cavitarias en los pulmones. En iguales condi- 
ciones se da el ejemplo de una amigdalitis hematdégena. 

7. Chancros multiples se encontraron en 3 casos; se destaca la dificultad 
diagnéstica de un chancro primario encontrandose focos multiples de aspecto 
parecido en el mismo ldébulo. El tamafio del chancro primario determina en 
primer lugar la ulceracién central y formacién de una caverna. En esta forma 
indirecta determina el tamafio del chancro la evolucién de la enfermedad; un 
chancro grande no ulcerado segtin nuestra opinién no deberia tener otras conse- 
cuencias que un chancro pequefio en las mismas circumstancias. Solamente la 
formacién de la caverna primaria desmejora el prognostico, no el tamafio mismo 
del chancro. 

8. La distribucién de los chancros cavitarios favorece mucho el pulmon dere- 
cho. (De los 9 casos cavitarios 8 se encontraron al lado derecho.) 

9. El reblandecimiento del chancro depende fuera del tamafio de la edad del 
nifio. El ntimero de los casos con caverna primaria baja répidamente después 
de los 2 afios. El gran ntimero de ulceraciones y cavernas en nuestro material 
se lo explicamos parcialmente por factores epidemiolégicos, siendo la curva de 
infeccién todavia en aumento. (53% de los chancros evolutivos se encontraron 
reblandecidos. ) 

10. Se discuta la gran importancia del diagnéstico bacteriolégico de la per- 
tussis; muchos casos de pertussis en realidad ya son tos sintomatica de procesos 
tuberculosos como tuberculosis o compresién de los bronquios, tuberculosis 
cavitaria del pulmén etc. 

11. 2 casos de atelectasia pulmonar correspondientes al capitulo de epitubercu- 
losis se describen ; se destaca la rareza del cuadro, se subraya la importancia de la 
acumulacién de causas para la produccién de tal atelectasia, y se hace hincapié 
en la necesidad de un prognéstico cauteloso de estos casos, siendo en nuestro y en 
el material de otros la atelectasia casi siempre acompafiada con infeccién tuber- 
culosa del lébulo atelectasiado, de modo que el progndéstico dependeré de la 
evolucién general de la tuberculosis y no solamente de la eliminacién de las 
causas de la atelectasia. 

12. Se presenta el compromiso bronquial en la diseminacién broncégena en 
4 grupos: 

(a) Perforaciones de la pared bronquial por ganglios caseificados. 
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(b) Perforaciones bronquiales relacionadas con cavernas pulmonares. 

(c) Ulceraciones de la mucosa bronquial sin o con perforacién. 

(d) Diseminacién broncégena sin compromiso macroscopico de la mucosa 
bronquial. 

13. Se discuta la patogénia formal de la generalizacién hematégena destacdn- 
dose la importancia del chancro primario, donde ya macroscopicamente hemos 
visto en 2 casos el compromiso de grandes vasos sanguineos y donde con frecuen- 
cia se descubren lesiones microscopicas. La circulacién del bacilo de Koch en 
la sangre se admite como frecuente en todas etapas de una tuberculosis evolutiva. 

14. El sexo femenino presenta en nuestro material las formas més graves; 
de los 20 casos con meningitis 12 fueron nifias, de los 17 chancros reblandecidos 
13, de los 18 casos con diseminacién broncégena y hematdégena 13, etc. 

15. La meningitis se ve generalmente como complicacién de la diseminacién 
precoz en el nifio; disminuye el nimero de meningitis después del tercer afio de la 
vida. 

16. En favor de la gran importancia de tubérculos solitarios en la patogenia 
de la meningitis habla: 

(a) La presencia frecuente de tuberculomas. 
(b) El hallazgo de tuberculomas sin meningitis. 
(c) La diferencia entre la edad de los tubérculos en las meninges y en otros 
érganos. 
(d) La falta (casi sin excepcién) de tubérculos miliares en la substancia 
cerebral. 
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DEGREE OF TUBERCULIN SENSITIVITY! 
Its Significance in Tuberculous Patients 
ROBERT W. CLARKE 


The purpose of this study was to determine whether any significance could 
be attributed to the severity or degree of sensitivity of the tuberculin reaction in 
patients in a tuberculosis sanatorium. The following points, therefore, were 
considered : 


1: Relationship of absence of active tuberculous infection to the degree of tuberculin 
reaction. 
2: Relationship of the duration of the disease, as determined from the patient’s history, 
to the degree of tuberculin reaction. 
: Relationship of present or recent pleurisy with effusion to the degree of tuberculin 


reaction. 
: Relationship of the state of disease (minimal, moderately advanced and far advanced) 


to the degree of tuberculin reaction. 


REVIEW OF THE LITERATURE 
There is much controversy in the literature as to the significance of the degree 
of tuberculin sensitivity in the individual. Furcolow (1) stated that the quanti- 
tative differences in the degree of sensitivity to tuberculin appeared to bear an 


inverse relation to the severity of the tuberculous infection. He also stated 
that ‘‘the percentage of those who died within six months following the study was 
four times as great among the least sensitive to tuberculinas among the 
remainder.” 

Schwartz (2) found that ‘‘the degree of sensitivity of the graduate nurses was 
greater than that of the students but was somewhat less than that of a group of 
tuberculous patients who had been tested previously.” 

Colwell and Mills (3) found that, in dogs, impairment of general health, in- 
cluding severe tuberculosis, reduced sensitivity manifestations. On the other 
hand, Appel et al. (4) concluded from their series that “the evidence would 
indicate that no relationship existed between tuberculin sensitivity and 
prognosis.” 

Skavlem (8) concluded that repeated exposure keeps allergy high. He also 
states, ‘‘we must not overlook the fact that with the healing of the tuberculous 
lesions, allergy is lowered, and finally may disappear. It has been shown that 
the stronger the original reaction, the less frequently it disappears.”’ 

Clayson (5), using guinea pigs, noted that “‘at the local lesion, caseation takes 
place most readily in high degrees of allergy, and fibrosis most readily in low 
degrees of allergy. But the spread of lesions takes place most readily in 
low degrees of allergy and localization of lesions takes place in high degrees of 
allergy.” 

1From the Barlow Sanatorium, Los Angeles, California, Howard W. Bosworth, Medical 
Director. 
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The variations of the degrees of allergy have been attributed to many and 
sundry causes. Merege (7) found no correlation between age or radiographic 
findings and sensitivity to tuberculin. Gomez (6) concluded that there was a 
variation of tuberculin sensitivity which could be correlated with the seasons of 
the year, the peaks of sensitivity being in June and December (winter and sum- 
mer of the southern hemisphere). 

From this brief review of the literature, it can be seen that no certainty exists 
as to the significance of the degree of tuberculin sensitivity. None of these 
authors took into account the relation of the duration of the infection in the 
individual to his tuberculin sensitivity, except Skavlem (8) who did note that, 
with the healing of the tuberculous lesions, allergy is lowered. 


SOURCE OF MATERIAL 


This study covers all patients admitted to Barlow Sanatorium from March, 
1939 to March, 1944, a total of 338 patients. Each patient, when admitted, or 
within a few days of admission, was tuberculin tested by the Mantoux test. 
PPD tuberculin was used in all cases. This was made into such dilutions that 
four graded strengths could be used. The strengths were 1:10 first (.000,002 
mg.), first (.000,02 mg.), 1:10 second (.0005 mg.) and second strength (.005 mg.) ; 
1:10 first strength was always given as the initial test, and each succeeding 
strength was given until a positive reaction was obtained. Hereafter 1:10 first, 
first, 1:10 second and second strength PPD will be designated respectively as 
concentrations A, B, C and D. 

All tests were done by the resident physicians and were read by them. A 
positive test was read if an area of induration of 5 mm. or more resulted. 

Of the 338 admissions, 10 did not react to concentration D, and hence it was 
concluded that these patients did not have a tuberculous infection. One patient 
died before tuberculin could be given. Sixteen patients had insufficient data; 
either the tests were not completed or the usual series of dilutions was not used in 
testing. These were excluded. Two patients had proved carcinoma and were 
excluded, as was one patient with silico-tuberculosis. This left a total of 308 
patients used in the report. These were classified either as (1) active pulmonary 
tuberculosis with positive sputum; (2) active pulmonary tuberculosis demon- 
strated by X-ray; (3) pleurisy with effusion present on admission or within 
six months prior to admission or (4) activity not demonstrated. 

There were 32 patients admitted in whom no active tuberculosis could be 
proved by critical sputum studies or X-ray examination. However, each reacted 
to one of the four concentrations of tuberculin. 

Of the 308 patients, there were 79 classified on admission as minimal, 138 as 
moderately advanced and 46 as far advanced, a total of 263 active cases. 

Of the 308 patients, 20 gave a history of pleurisy with effusion. Their history 
varied from effusion present at the time of admission to fluid having been dem- 
onstrated twenty years previously. With these long histories of pleurisy with 
effusion, most patients lived a normal life with good health and no known activ- 
ity. Several women in the group were delivered of one or more children. 


426 ROBERT W. CLARKE 


Within one to several years after delivery they were admitted to the sanatorium 
with an active parenchymal lesion. 


CASES IN WHICH ACTIVITY WAS NOT DEMONSTRATED 


In 32 of the 308 patients, no active pulmonary tuberculosis could be demon- 
strated. Proof of negativity was accepted if at least one gastric washing was 
negative on culture and animal inoculation and if no X-ray changes indicative 
of active pulmonary tuberculosis could be demonstrated. 

Of the 32 cases in which no activity could be proved, there were 12 patients 
(37 per cent)? who reacted to concentration A or B. In contrast, there were 20 
patients (63 per cent) who failed to react to concentration A and B but did react 
to concentration C or D, almost a ratio of two to one in favor of the higher 
concentrations. Thus it would seem that inactive cases tend to have a lower 
degree of allergy. 


ALL ACTIVE CASES 


Of the 308 cases, 263 were demonstrated to have active pulmonary tubercu- 
losis, either by the demonstration of tubercle bacilli or by X-ray evidence. Pa- 
tients whose pleurisy with effusion occurred within six months prior to admission 
were not included in the 263. Of the 263 patients, there were 40 who reacted to 
concentration A. Of these 40, 25 (63 per cent) gave a history of one year or less 
(37 per cent longer than one year). One hundred twenty-five patients reacted to 
concentration B but failed to react to concentration A; of these 125 patients, 68 
(54 per cent) gave a history of one year or less. Ninety-two patients reacted to 
concentration C but failed to react to concentrations A and B. Of these 92, 
only 34 (37 per cent) gave a history of one year or less. There were 6 patients 
who reacted to concentration D. One (18 per cent) gave a history of one year or 
less. It is apparent, therefore, that only a small percentage of the patients with 
a high degree of tuberculin allergy gave a long history of the disease. 

There were 128 active cases with histories of one year or less, of which 93 
(73 per cent) reacted to concentration A and/or B. There were 134 cases with 
histories longer than one year, of which 72 (53 per cent) reacted to concentration 
A and/or B. 

It should be remembered that several of the patients who gave histories of 
five or more years had had long periods of intervening good health. Several of 
these long histories date from a period of pleurisy with effusion occurring as much 
as twenty years previously. 

The average length of history in months in the 263 cases for the respective 
dilutions was: 


*Fractions of percentages are omitted. 
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The median for these cases was: 


Concentration A 
Concentration B 2 11 months 
Concentration C 23 months 


This again seems to indicate that, on the average, those who were more sen- 
sitive had shorter histories than the less sensitive patients. 


MINIMAL CASES 


There were 79 minimal cases. Of the 8 cases reacting to concentration A, 
all gave a history of one year or less (100 per cent). There were 43 cases re- 
acting to concentration B, 25 (53 per cent) giving a history of one year or less. 
There were 26 patients who reacted to concentration C but failed to react to con- 
centration A or B. Only 11 (42 per cent) of these gave a history of one year or 
less. There were only 2 patients who failed to react to the three weaker di- 
lutions, one with a history of eight months and one with a history of ten years. 

Of the 79 minimal cases, 45 gave a history of one year or less. Of these 45 
cases, 33 (77 per cent) reacted to concentration A or B, whereas 12 (23 per cent) 
reacted to concentration C or D. 

There were 10 cases with histories longer than one year and up to two years. 
Six (60 per cent) reacted to concentration B. There were 12 cases with histories 
longer than two years and up to five years. Six (50 per cent) reacted to con- 
centration B. There were 11 patients with histories of five years or longer, 6 
(55 per cent) of whom reacted to concentration B. 

The average duration of the history for the minimal cases was: 


Concentrations C and D 34 months 


The median was: 


Concentrations C and D 


MODERATELY ADVANCED CASES 


There were 138 moderately advanced active cases, 23 of which reacted to 
concentration A. Twelve of these 23 (52 per cent) gave a history of one year 
or less. There were 63 patients who reacted to concentration B but failed to 
react to concentration A; of these 63, 36 (57 per cent) had a history of one year 
or less. There were 49 patients reacting to concentration C, failing to react to 
concentrations A and B, of whom only 17 (35 per cent) gave a history of one 
year or less. Thus, 65 per cent of those reacting to concentration C had a 
history of longer than one year. There were 3 cases reacting to concentration D, 
failing to react to the three weaker dilutions, one with a thirty-five-month 
history and 2 with ten-year histories. 
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Of the 138 moderately advanced patients 65 gave a history of one year of less, 
of whom 48 (74 per cent) reacted to concentration A or B. There were 73 cases 
with histories longer than one year; 38 (52 per cent) reacted to concentration 
A or B. 

The average duration of history of these cases was: 


Concentration A 


The median was: 


FAR ADVANCED CASES 


There were 46 far advanced cases. Nine patients reacted to concentration A, 
5 (56 per cent) of whom had a history of one year or less. ‘There were 19 patients 
reacting to concentration B, failing to react to concentration A, of whom 7 (37 
per cent) had a history of one year or less. There were 17 patients reacting to 
concentration C, failing to react to concentration A or B, of whom 6 (35 per cent) 
had a history of one year or less. Thus, 65 per cent of those reacting to con- 
centration C had a history longer than one year. There was only one patient 
reacting to concentration D, failing to react to the three weaker dilutions, who 
gave a history of fourteen months. 

Of the 46 far advanced patients 18 gave a history of one year or less, of whom 
12 (67 per cent) reacted to concentration A or B. There were 28 with histories 
longer than one year, of whom 16 (57 per cent) reacted to concentration A or B. 

The average duration of history for these cases was: 


The median for these groups was: 


Concentration B. 
Concentration C 


PLEURISY WITH EFFUSION 


There were 20 patients who gave a history of pleurisy with effusion. Seven 
cases had their symptoms six months or less previous to admission. Of these 7 
cases, 5 (71 per cent) reacted to concentration C but failed to react to concen- 
tration A or B. Of those giving a history of one year or less, there were 10 
(previous 7 included). Of these 10, 6 reacted to concentration C. There were 
10 patients who had their pleurisy more than one year before admission, of whom 
5 reacted to concentration D. Of these 10 patients, it should be noted that a 


] 
| 


TUBERCULIN SENSITIVITY 429 


number enjoyed a period of several years of good health between the time of 
effusion and the present admission, which was motivated by a more recent 
parenchymal lesion. 


STAGE OF DISEASE COMPARED WITH DURATION OF HISTORY 


Of the 79 minimal cases, 57 per cent had a history of one year or less, with an 
average of thirty-eight months and a median of eleven months. Of the 138 
moderately advanced cases, 47 per cent had a history of one year or less, with 
an average of thirty-sixmonthsand amedian of seventeen months. Of the 46 far 
advanced cases, 39 per cent had a history of one year or less, with an average of 
fifty-one months and a median of twenty-three months. 


STAGE OF DISEASE COMPARED WITH STRENGTH OF TUBERCULIN 


Of all 79 minimal cases, 8 (10 per cent) reacted to concentration A, 43 (54 per 
cent) reacted to concentration B, 26 (33 per cent) reacted to concentration C and 
2 reacted to concentration D. Of the 138 moderately advanced cases, 23 (16 
per cent) reacted to concentration A, 63 (46 per cent) to concentration B, 49 
(35 per cent) to concentration C and 3 (2 per cent) to concentration D. Of the 
46 far advanced cases, 9 (19 per cent) reacted to concentration A, 19 (41 per cent) 
reacted to concentration B, 17 (38 per cent) reacted to concentration C and one 
reacted to concentration D. 

It can be seen, therefore, that the total cases reacting to each concentration of 
tuberculin are divided among the minimal, moderately advanced and far ad- 
vanced stages in about equal proportions. 


COMMENT 


It would seem from the above data that there is some correlation between the 
duration of history of tuberculosis and the tuberculin reactivity of the patient. 
We realize that our group is small and also that a history tends to be an in- 
accurate criterion for judging the duration of infection. Nevertheless, it does 
give a period during which the patient’s reactivity may have a chance to vary. 
The far advanced cases, in particular, probably have the greatest error in the 
history, as 18 of the 46 cases (39 per cent gave a history of one year or less and 11 
(24 per cent) gave a history of six months or less. Probably most of these cases 
date their history much too recently. 

There appears to be some significance in the fact that, in the minimal cases 
giving a history of one year or less, only 12 (23 per cent) failed to react to con- 
centration A and/or B but reacted to concentration C or D, whereas 77 per cent 
reacted either to concentration A or B. In the moderately advanced cases with 
histories of one year or less, only 17 (26 per cent) and in the far advanced cases 
only 6 (33 per cent) failed to react to concentration A and/or B but reacted to 
concentration C. 

The 8 minimal patients who reacted to concentration A had a history of one 
year or less. It should be noted that in all three stages the strength of tuberculin 
necessary to give a positive reaction increased as the duration of the history 
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increased. Apparently, the tuberculin sensitivity decreases as the period during 
which the patient had clinical evidence of tuberculous infection lengthens. It is 
suggestive that it is not the stage of the disease but rather the duration, which 
has this lessening influence on the allergy of tuberculous patients. 

In those 32 patients in whom activity could not be demonstrated, 38 per cent 
reacted to concentration A and/or B. This small percentage is the reverse of 
that found in the patients in whom activity was demonstrated. In.128 active 
cases with a history of one year or less, 93 (72 per cent) reacted to concentration 
Aand/orB. Thus, twice as many cases with a history of one year or less reacted 
to concentration A and/or B as did the inactive cases. Why this should be so, 
we cannot tell from our data. However, we do believe that it is shown that, in 
these patients, a high degree of allergy is less frequent than in those with active 
tuberculosis. 

Of the 20 cases with pleurisy with effusion, it should be recalled that, of the 7 
patients whose pleurisy began six months or less prior to admission, 5 (71 per 
cent) failed to react to concentration A or B but reacted to concentration C. 
This is in contrast to those patients with short histories and active parenchymal 
disease who were shown to have frequently a high degree of allergy. 

In comparing the stage of disease (minimal, moderately advanced, far ad- 
vanced) with the sensitivity of the patient, there appears to be no correlation, 
except in so far as the far advanced cases tend to have a longer history than the 
patients with moderately advanced or minimal lesions. 

There is probably no practical value in such tuberculin testing from a prog- 
nostic or therapeutic point of view. However, from a diagnostic point of view 
it might be of aid, for, under the circumstances of X-ray evidence of a question- 
able lesion, a relatively short history and failure to demonstrate the presence of 
tubercle bacilli, a low degree of sensitivity would tend to indicate that the lesion 
is inactive. On the other hand, under the same set of circumstances, a high 
degree of sensitivity should make one hesitate to call the lesion inactive until an 
exhaustive search for tubercle bacilli has been made and a series of X-ray films 
has been obtained which proves the stability of the lesions. 

CONCLUSIONS 

1. There is no relationship between the stage of disease (minimal, moderately 
advanced, far advanced) and the degree of tuberculin sensitivity. 

2. There is a tendency for the tuberculin sensitivity to be lower in patients 
with long histories and active pulmonary tuberculosis than in patients with 
short histories and active pulmonary tuberculosis. 

3. The presence or recent presence of a pleurisy with effusion appears to lower 
the degree of tuberculin sensitivity. 

4. Persons with an inactive tuberculous lesion tend to have a lower degree of 
tuberculin sensitivity than do those with active disease. 

5. Tuberculin testing may, under certain circumstances, be an aid in evalu- 
ating a minimal lesion. 
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CONCLUSIONES 


1. No existe relacién alguna entre el periodo de la enfermedad (minimo, 
moderadamente avanzado, muy avanzado) y la intensidad de la sensibilidad a 
la tuberculina. 

2. En la tuberculosis pulmonar activa existe una tendencia a que la sensibilidad 
a la tuberculina sea menor en los enfermos con historias largas que en los enfermos 
con historias cortas. 

3. La presencia actual o reciente de una pleuresia con derrame parece hacer 
bajar la sensibilidad a la tuberculina. 

4. Las personas con una lesién tuberculosa inactiva suelen mostrar una sensi- 
bilidad mas baja a la tuberculina que las que tienen la enfermedad en forma 
activa. 

5. La comprobacién con la tuberculina puede en ciertas circunstancias ayudar 
en el diagnéstico de una lesién minima. 
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STREPTOMYCIN IN EXPERIMENTAL TUBERCULOSIS": 


Its Effect on Tuberculous Infections in Mice Produced by M. Tuberculosis var. 
Hominis 


GUY P. YOUMANS anv JOHN C. McCARTER 


Streptomycin, the antibiotic produced by Actinomyces griseus, has been shown 
to be markedly bacteriostatic in vitro for virulent human type tubercle bacilli 
(1, 2), and furthermore its activity in vitro is not affected, within wide limits, 
by the number of organisms nor by the presence of plasma.(2). Feldman and 
Hinshaw (3) have also reported that this antibiotic exerts a suppressive action 
on tuberculous infections in guinea pigs. 

Mice can be infected with virulent human type tubercle bacilli by either 
intraperitoneal or intravenous injection and when the latter route is employed 
the infection is principally pulmonary in type (4). Using mice infected intra- 
venously with human type tubercle bacilli Gunn and Youmans (5) found that 
promin, diasone and promizole were ineffective in suppressing the infection, 
possibly because the toxicity of these compounds for mice is so great that thera- 
peutic doses could not be tolerated. These compounds, however, are markedly 
effective in suppressing tuberculous infections in guinea pigs (6, 7, 8). 

Experiment I: Thirty white Swiss mice, weighing approximately 25 g. each, 
were injected intravenously with 0.1 mg. of a twenty-one day old surface culture 
of the H37Rv human type strain of tubercle bacilli. The suspension of tubercle 
bacilli used for injection was prepared as previously described (9, 10). Twenty- 
four hours later 15 of the infected mice were given injections of 75 units of strepto- 
mycin hydrochloride’ dissolved in 0.2 ml. of sterile distilled water. These 
injections were repeated every six hours day and night for a period of twenty- 
eight days and were made under the skin of either the inguinal region, the 
abdomen or the back. The amount of streptomycin given to each mouse per 
day equaled 300 units and, on a relative weight basis, was equivalent to the 
dosage of streptomycin, 6,000 units per day, found by Feldman and Hinshaw 
(3) to be effective in suppressing experimental tuberculosis in guinea pigs. 

At the end of twenty-eight days of continuous treatment 9 (60 per cent) of the 
15 control animals were dead and 6 (40 per cent) of the streptomycin treated 
mice were dead. At this time the remaining surviving mice were sacrificed 
and examined. The complete viscera of each mouse were fixed in 4 per cent 
formaldehyde. Gross examination of the organs was followed by preparing 
sections of the lungs, liver, spleen and kidneys. Separate sections were stained 
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TABLE 1 


Time of death, weights and results of gross and microscopic examination of tissues of mice 
infected with 0.1 mg. H87Rv 


PER CENT TUBECLE BACILLI FOUND IN 
OF LUNG 
SUBSTANCE 

OCCUPIED : 
BY LESIONS Lungs Liver | Spleen 


TIME OF WEIGHT AT 
DEATH DEATH 


Streptomycin Treated Micet 


Average.... 


Control 


75 
40 
60 

0 
10 
50 
70 
60 
50 
30 
50 
50 
10 
28* 50 
10 


Wb 


Average.... 24.4 41.0 


* = killed at termination of experiment. 
t+ = 300 units of streptomycin per day. 
1+ = one to several bacilli per section. 
2+ = single bacilli and small clumps of bacilli. 
3+ = large clumps of bacilli. 
4-+- = very large and numerous clumps of bacilli. 


‘ 
MICE 
| Kidneys 
days | 
1 23 20 0 2+ 1+ 2+ i+ 
2 28* | 19 25 3+ 1+ i+ 1+ 
3 28* 23 10 2+ 1+ 1+ i+ 
4 28* | 22 50 4+ 1+ 3+ 3+ 
5 28* 23 0 3+ 1+ 24 0 
6 9 23 20 1+ 1+ 1+ i+ 
7 15 20 5 3+ 1+ 1+ i+ | 
8 28* 19 10 4+ 2+ 1+ 1+ 
9 28* 16 30 4+ 2+ 2-4 i+ 
10 28* 23 50 2+ i+ 1+ i+ 
ul 12 25 0 2+ 0 0 0 
12 24 ll 30 3+ 0 1+ 1+ 
13 28* 27 0 1+ 1+ 1+ 0 
14 | 98s 17 10 1+ 1+ 1+ 1+ 
15 28* 20 50 3+ 1+ 1+ 2+ 
21.2 (20.5 19.3 2.5 1.0 1.3 1.0 
Mice 
4+ 1+ 1+ 1+ 
4+ 2+ 2+ 2+ 
4+ 1+ 1+ 2+ 
1+ 1+ 1+ 1+ 
1+ 1+ 1+ 1+ 
4+ 2+ 3+ 2+ 
4+ 1+ 1+ 1+ 
4+ 1+ 2+ 1+ 
9 | 4+ 1+ 1+ 1+ 
| 2+ 1+ 1+ 1+ 
ll | 4+ 3+ 3+ 1+ 
| 4+ 3+ 2+ 1+ 
13 | 1+ 1+ 1+ 1+ 
14 | 4+ 2+ 2+ 1+ 
15 | 2+ 1+ 1+ 2+ 
3.1 : 1.5 | 1.5 1.3 


434 GUY P. YOUMANS AND JOHN C. MCCARTER 


with hematoxylin and eosin, and with Ziehl-Neelsen carbol fuchsin, respectively. 
An estimation of the percentage of lung substance occupied by “tubercles” 
was made both grossly and microscopically and in the Ziehl-Neelsen stained 
sections an estimate of the numbers of tubercle bacilli found in the various 
organs was made. ‘These results were tabulated in table 1. 

The 15 untreated control mice in this experiment, upon gross examination, 
showed extensive involvement of the lungs with “tubercles” which averaged 
41 per cent of the total lung substance. The lungs were also enlarged and 
generally heavily congested. No gross lesions were seen in any other organs. 

Microscopically the lungs of this set of mice showed small, large and con- 
glomerate ‘‘tubercles.”” These lesions were characterized by a variable amount 
of coagulative necrosis of the lung framework and by exudate, surrounded by a 
dense infiltration of monocytes, a few lymphocytes and an occasional poly- 
morphonuclear leucocyte. A few of the phagocytes had a foamy cytoplasm. 
No foreign body giant cells nor epithelioid cells were seen, the lymphocytic 
infiltration was slight, and there was no indication of fibrosis. Thus the lesions 
lacked the typical architecture of human tubercles. In addition no lesions were 
found comparable to tuberculous pneumonia in the human. Acid-fast bacilli 
were found in these lungs in large numbers lying in clumps in the necrotic tissue; 
many of the phagocytes contained one or more organisms. 

The spleens of these animals showed a diffuse and irregular proliferation of 
the reticuloendothelial cells in the pulp and corpuscles with occasional tiny 
areas of necrosis. Tubercle bacilli were present singly and in small clumps in 
the necrotic areas but more commonly in the phagocytes. 

In the livers were found scattered small infiltrations of monocytes without 
regard to lobular anatomy. Occasionally a tiny area of necrosis was seen. 
There was no typical tubercle formation and only an occasional lymphocyte 
was seen. Acid-fast organisms were found singly and in small clumps in these 
infiltrations; a few sinusoidal endothelial cells contained one or two bacilli. 

The kidneys showed small aggregations of mononuclear cells arranged peri- 
vascularly in the cortex and in some glomeruli, but only infrequently in the 
medulla. In 2 animals there were microscopic areas of coagulative necrosis. 
Without exception tubercle bacilli singly and in small clumps were found in 
these lesions. 

The extent of the lesions in the lungs, together with the large numbers of 
bacilli, is to be expected from the intravenous route of infection. The invariable 
finding of small numbers of bacilli in the inconspicuous lesions of the liver, 
spleen and kidneys may possibly represent the result of secondary blood-stream 
dissemination. 

The lesions in the 15 streptomycin treated mice were qualitatively similar 
to those found in the controls. However, 4 of these mice showed no evidence 
of gross lesions in the lungs and only 3 had as much as 50 per cent involvement 
of the lung substance. The overall average amount of lung substance involved 
in these animals was only 19 per cent (table 1). 

Table 1 also gives the survival times of the animals of both groups and the 
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TABLE 2 
Time of death, weights and results of gross and microscopic examination of tissues of mice 
infected with 0.1 mg. H37Rv 


| | 
| PERCENT | TUBERCLE BACILLI FOUND IN 


OF LUNG 
TIME OF weicut at | OF LUNG | 
DEATH | DEATH | SUBSTANCE | 

OCCUPIED | 


BY LESIONS | Lungs Liver Spleen Kidneys 


Streptomycin Treated Micet 


25 | 1+ 
1+ 
i+ 
1+ 
1+ 
1+ 
1+ 
1+ 

¢ 2 | 1+ 
10 28 | 1+ 
11 2 2+ 
12 28 5 i+ 
13 

14 

15 


Average 


Control Mice 


10 


Average 21. | 18.8 | 38.6 


* = killed at termination of experiment. 
+ = 3,000 units of streptomycin per day. 


weights at death or when sacrificed. Both groups lost weight progressively 
over the course of the experiment but this was more marked in the controls than 


MICE 
days 
1+ 1+ 0 
1+ 1+ 1+ 
1+ 1+ 1+ 
i+ 1+ 1+ 
1+ | 1+ | 1+ 
1+ 1+ 0 
1+ 1+ 1+ 
1+ 1+ i+ 
1+ i+ i+ 
1+ 1+ 1+ 
1+ 1+ 1+ 
1+ 1+ 1+ 
1+ 1+ i+ 
1+ I+ i+ 
| 1+ 1+ 1+ 
Ps 2.1 | 2.8 | O | 1.06 1 0.86 
1 18 19 | 40 3+ i+ 1+ 0 
2 21 18 50 | 2+ 1+ 0 0 
3 23 | 12 | 25 4+ 3+ 3+ 4+ 
4 27 17 | 40 3+ 2+ i+ 2+ 
5 17 19 | 30 3+ | I+ 1+ 1+ 
6 18 20 50 | 8+ i+ i+ 1+ 
7 18 20 | 25 2+ 1+ 1+ 1+ 
8 28* 25 | 10 2+ 1+ 1+ i+ 
9 18 | 20 | 40 | 3+ 1+ i+ 1+ 
10 19 16 | 50 | 8+ ie 1+ 1+ 
11 20 | 20 | 60 4+ 1+ 1+ 1+ 
12 18 17 | 60 4+ 2+ 2+ 1+ , 
13 21 20 | 40 3+ 34+ 1+ 
14 27 | 15 | 50 3+ 1+ i+ 2+ 
15 28* | 25 | 2+ 2+ 1+ 2+ 
15 | | 13 
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in the treated animals, There was no significant difference in the average 
survival times. 


Fig. 1. (Upper) Lungs of control mice, Experiment II. Natural size. 
Fia.2. (Lower) Lungs of streptomycin treated mice, Experiment II. Natural size. 


Experiment II: The results of the previous experiment did not show any 
significant difference between the streptomycin treated animals and the untreated 
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Fia.3. (Upper) Typical microscopic section of lung of control mouse, Experiment IT. 
X 120 
Fia.4. (Lower) Typical microscopic section of lung of streptomycin treated mouse, 
Experiment IT. X 120 


controls. The slight differences observed, however, in mortality, extent of 
lesions and weights between the two groups were suggestive enough to warrant 
the use of much larger doses. 

In this second experiment the same procedures were followed as before except 
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that the total daily dose of streptomycin was raised to 3,000 units and treat 
ment was started on the day the mice were infected. 

When the experiment was terminated twenty-eight days after the mice wer 
infected, 13 (87 per cent) of the streptomycin treated animals were living whereas 
only 2 (13 per cent) of the controls were still alive. The 2 treated mice die«| 
arly, three and ten days, respectively, after the beginning of the experiment, 
whereas the first control animal died seventeen days after. The difference in 
the appearance of the animals in the two groups over the course of the experi 
ment was striking. The control animals progressively lost weight and became 
emaciated, whereas the streptomycin treated mice not only maintained their 
weight but most of them gained slightly. The average weight loss in the con- 
trols was 27 per cent (table 2). 

The striking difference in mortality and appearance between the two groups 
was paralleled by the gross and microscopic appearance of the viscera, especially 
the lungs. The 15 controls showed lesions qualitatively and quantitatively 
similar to those of the controls in the first experiment. The lungs of all exhibited 
gross lesions (figure 1) the average estimated lung substance occupied thereby 
being 39 per cent. Tubercle bacilli were found in the lungs of all these mice in 
large numbers. Organisms were also found in the other organs (table 2) 
(figure 3). 

In the streptomycin treated group of animals, on the other hand, no gross 
lesions were present in any of the mice (figure 2). The microscopic lung lesions 
consisted only of small scattered infiltrations of peribronchial tissues and alveoli 
with mononuclear phagocytes, many of which had a foamy cytoplasm (figure 4). 
Only one animal showed microscopic areas of necrosis. Acid-fast bacilli were, 
however, present in all mice, but in markedly fewer numbers as compared with 
the controls. Microscopic lesions were also found in the liver, spleen and kidneys 
but were smaller and more sparsely distributed than in the controls. These 
organs contained acid-fast bacilli but the organisms occurred almost always 
only singly in the phagocytes; frequently a complete search of a section of one 
of these organs revealed only one or two organisms. It was also noted that 
many more of the phagocytes in these animals had a foamy cytoplasm possibly 
indicating more digestion of ingested tubercle bacilli. 

In the 60 mice used in the two experiments only 2 animals showed adventi- 
tious lesions, one an infarct of the spleen and one an encapsulated nidus of 
unidentified parasites in the liver. No essential difference in the condition of 
the organs examined, other than the quantitative difference in tuberculous 
lesions, was noted between the untreated and treated sets of animals, indicating 
that the streptomycin was nontoxic in the doses used. 


DISCUSSION 
The results reported in this paper clearly show that streptomycin exerts a 
marked suppresive effect on experimental pulmonary tuberculosis of the mouse. 


That the infection is not completely suppressed is shown by the presence of 
microscopic lesions containing tubercle bacilli. However, the infecting dose of 
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tubercle bacilli was large and the period of treatment relatively short. Further- 
more, since streptomycin is rapidly excreted from the body it is possible that, 
with the limited number of daily injections used, contact between the antibiotic 
and the tubercle bacilli in the tissues occurred for only a portion of each twenty- 
four-hour period. Smaller amounts of streptomycin, especially if given more 
frequently, might be equally effective. 

In terms of units the amount of streptomycin used in the successful experiment 
was large, 120,000 units per kilo, but was apparently well within toxic limits 
since no deleterious effects were noted. 

These results with streptomycin further indicate that mice may be suitable 
animals to use when testing chemotherapeutic agents in vivo against human type 
tubercle bacilli. The practical advantages would be that the results could be 
obtained in a shorter time, a larger number of substances could be tested at 
one time because of the smaller amount of cage space necessary, and the amount 
of each test substance needed would be markedly reduced. From the theoretical 
standpoint, since mice are far more resistant animals than guinea pigs and be- 
cause the infection is primarily pulmonary in type, the results might be more 
analogous to those that would be obtained in treating tuberculosis in the human. 
Further work will be needed to test the validity of the latter possibilities. 


SUMMARY 


Streptomycin hydrochloride administered subcutaneously had a marked 
suppressive effect on experimental pulmonary tuberculosis in mice. The use 
of mice for testing the effect of chemotherapeutic agents on experimental tuber- 
culosis is discussed. 


SUMARIO 


E] clorhidrato de estreptomicina administrado subcuténeamente ejercié un 
decidido efecto cohibidor sobre la tuberculosis pulmonar experimental del ratén. 
Disctitese también el empleo de los ratones para comprobar el efecto de las 
sustancias quimioterapéuticas sobre la tuberculosis experimental. 
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AMERICAN TRUDEAU SOCIETY 
Report of the Committee on Postgraduate Medical Education 


Dr. Paul P. McCain, Chairman 
Dr. J. Burns Amberson Dr. Charles A. Doan 
Dr. Chesley Bush Dr. Esmond R. Long 
Dr. James J. Waring 


The Committee on Postgraduate Medical Education has had only one meeting. 
This was held at the Cosmos Club in Washington, D. C., on October 31, 1944. 
Colonel Esmond R. Long, Drs. J. Burns Amberson, James J. Waring, Cameron 
St. C. Guild, Paul McCain and, by invitation, Drs. Bruce Douglas, Herbert R. 
Edwards and Captain William H. Roper were present. 

It was felt that the most important function of our Committee would be to 
assist physicians returning from the armed services who would wish postgraduate 
training in tuberculosis and diseases of the chest to secure positions in accredited 
sanatoria and hospitals. It was felt that emphasis should be placed on the 
importance of training in pulmonary diseases not only for those who expected 
to specialize in tuberculosis but also for all those planning to practice internal 
medicine. Our Committee expressed the wish to codperate with other organized 
medical groups working to the same end. Dr. Cameron St. C. Guild, our 
Executive Secretary, was authorized to confer with representatives of the 
American College of Physicians, the American College of Surgeons and the 
American Medical Association and offer to these groups the full codperation of 
our Association. 

It was found that the American Medical Association had sent questionnaires 
to 21,000 physicians in the armed services to find out what postwar training they 
desired. They had also sent questionnaires to all hospitals and sanatoria 
accredited for residencies and fellowships to learn what openings there would be 
available for returned physicians from the armed services. We were surprised 
and somewhat disappointed to learn that relatively few of the physicians now in 
the armed services expressed a desire to get special training in tuberculosis and 
diseases of the chest on their return to civil life. It is evident that there will be 
a sufficient number of positions available in accredited sanatoria for all who 
desire training in pulmonary diseases. 

While attending another committee meeting in Chicago, Drs. Guild and McCain 
had conferences with General Charles R. Reynolds, Executive Secretary of the 
American College of Surgeons, and with Dr. Victor Johnson, Executive Secretary 
of the Council on Medical Education of the A. M. A., both of whom assured us 
that their organizations would be glad to codperate with our Committee in every 
possible way. 

At the meeting of our Committee in Washington it was the consensus that our 
various Trudeau sections can perform a worth while function in postgraduate 
medical education and especially so if at their meetings they can have a promi- 
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nent, possibly an out-of-state, speaker who will attract the members of the 
medical profession at large. Since dues in these sections are nominal, it was 
thought that the American Trudeau Society, the parent organization, should be 
prepared on request to finance a prominent out-of-state speaker on tuberculosis 
for annual meetings of our sections. 

Sponsorship of the International Medical Congress at Laredo and possibly 
later of the postgraduate medical meetings for Negro physicians by our Com- 
mittee was approved in case such a change should be approved by the Council. 
In case such a change is made, a budget item will need to be provided for the 
expense of these meetings heretofore carried by the Committee on Tuberculosis 
among Spanish People and the Committee on Negro Program. 

The matter of medical books available to the NTA members was discussed. 
Since the list as published by the NTA has in the past been subjected to some 
minor criticism, members of the Committee felt that the list should be reviewed, 
and the Committee agreed to do so if requested by the National Tuberculosis 
Association. This would tend to prevent the inclusion of somewhat inferior 
books and the possible omission of some more worth while. 

A discussion was also had concerning the Abstracts. The Committee ex- 
pressed its willingness to review the Abstracts for the past year, bearing in mind 
primarily whether or not the subject matter covered that in which the general 
practitioner would be interested. Any recommendations or suggestions made 
by the Committee would be passed on to Doctor Lyght for his consideration. 

Hearty approval was given to the suggestion made by Doctor Waring that 
the Committee recommend that consideration be given to the production each 
year of a series of brief articles on the progress in the field of tuberculosis control, 
or recent advances in the field of chest radiology, thoracic surgery, chemotherapy, 
laboratory diagnosis and clinical phases. Should the Council approve of this 
recommendation, it is felt that the Chairmen of the appropriate Trudeau Com- 
mittees might be requested to arrange for such a résumé covering their particular 
field. It is the opinion of the Committee that these résumés might be widely 
used by medical journals throughout the country. 
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AMERICAN TRUDEAU SOCIETY 
Report of the Committee on Evaluation of Laboratory Procedures 


Dr. C. Eugene Woodruff, Chairman 
Dr. Harry J. Corper Dr. Max Pinner 
Dr. David Crombie Dr. David T. Smith 
Dr. Edgar M. Medlar *Mr. William L. Steenken 


The Committee on Evaluation of Laboratory Procedures had a profitable 
meeting in Chicago, February 2, 1945. In attendance were Dr. C. Eugene 
Woodruff, Chairman, Dr. Harry J. Corper, Dr. Edgar M. Medlar, and William 
L. Steenken, N. T. A. member. 

Discussion centered on the following subjects: 


1. A statistical study of leucocyte counts which, at Doctor Pinner’s suggestion, 
has been prepared by Mr. W. N. Berg. This paper, showing the very 
considerable error which may be expected in the average leucocyte count, 
is to be published in the Review (September, 1945). 

. The drawing up of a formula for a standard medium for the culture of 
tubercle bacilli. Members of the Committee are, at the present time, 
trying variations of the proposed standard medium in the attempt to 
discover the one which will produce optimum growth of the tubercle 
bacillus. 

. A brief report on the use of detergents in treating sputum and other ma- 
terial, to be prepared by Mr. Steenken. 

. An apparatus suggested by Doctor Medlar to be used in micro-determina- 
tion of red cell sedimentation rates. 

. Microscopic examination of tubercle bacillus cultures negative for growth 
by gross examination. 


As indicated above, the subject of a standard medium for culturing tubercle 
bacilli is being pursued actively at the present time. Dr. C. E. Palmer of the 
Tuberculosis Control Division, U. 8. P. H. S., has indicated his interest in this 
subject and his desire to collaborate in every way possible. 

The matter of defining a ‘negative sputum” was discussed in a joint session 
with the Committee on Therapy. The members of the Laboratory Committee 
stand ready to give their opinion either individually or collectively regarding any 
proposed change in the definition of “negative sputum.” 


*National Tuberculosis Association Member. 
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AMERICAN TRUDEAU SOCIETY 
Report of the Committee on Medical Program 


Dr. H.S. Willis, Chairman 
Dr. Howard W. Bosworth Dr. Max Pinner 
Dr. H. Corwin Hinshaw Dr. James C. Walsh 


The Committee on Medical Program for 1945 can make an exceedingly brief 
report because of the obvious fact that the annual meeting was cancelled shortly 
after the Committee began its work. A tentative and preliminary outline was 
set up at the meeting of the Committee in such a way as to stress: 


Committee reports 

Noninfectious pulmonary disease 

A review of the present status of trends in thoracic surgery 

A symposium on rehabilitation under the title ‘Medical Management of the 
Recovery Phases of Tuberculosis’’ 

Diagnostic roentgenology 

Mass radiography 

Nutritional deficiency diseases and (by way of joint session with the Public 
Health Section) 

A national program for tuberculosis control in which the new efforts of the 
U. S. Public Health Service and its relationships to state health officers, 
state tuberculosis associations and private physicians would be elaborated. 


This was the status when cancellation of the meeting occurred. 
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AMERICAN TRUDEAU SOCIETY 
Report of the California Trudeau Society 


Dr. C. Gerald Scarborough, Secretary 


The following is a summary of the activities in which the California Trudeau 
Society has engaged during the past year. 

Arrangements have been made so that any private physician outside of 
metropolitan areas can send a chest X-ray film to the association office and a 
competent member of the Trudeau Society will supply an interpretation and 
return the film to the physician together with comments on technique. 

Members of the California Trudeau Society have traveled to a number of the 
rural counties in the state for teaching clinics. These clinics were arranged so 
that the private physicians brought their patients in for examination and consul- 
tation. Only 10 per cent of the total number of patients handled were allowed 
to come from the health department, so that it was predominantly a private 
patient group examined. 

Postgraduate courses ranging from two to ten days were given to six physicians 
in the state. The work included time at the University of California Medical 
School, Stanford Medical School and at the Highland-Alameda County Hospitai 
at Oakland. 

In view of the recent restriction of the O. D. T., we are holding our annual 
meeting in a streamlined form, one in Los Angeles for the benefit of the members 
in the southern part of the state, and one in San Francisco for members in the 
northern part. Dr. Herman Hilleboe will be the guest speaker at both of these 
meetings and will present plans of the Tuberculosis Control Division of the 
U.S. Public Health Service. There will be a presentation of the problems of 
returning veterans and of problems in miniature X-ray techniques and surveys. 

We are contemplating putting out a directory of the members of the California 
Trudeau Society similar to that put out by the American Trudeau Society. 

Eighteen new members have been added to the roster of the Society this year, 
and there are 49 members in the armed forces. 
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AMERICAN TRUDEAU SOCIETY 
Report of the Minnesota Trudeau Medical Society 
Dr. 8S. T. Sandell, Secretary-Treasurer 


A meeting of the Minnesota Trudeau Medical Society was held in St. Paul on 
November 3, 1944. Forty-five members were present at the meeting, at which 
Dr. 8. 8S. Cohen, Chairman of the Executive Committee, announced that he 
appointed a Sanatorium Consultation Committee as follows: Drs. G. A. Hedberg, 
Thomas J. Kinsella, L. M. Larson, A. M. Olson, Karl H. Pfuetze, Thomas Lawry 
and E. P. K. Fenger, Chairman. 

The following activities have been sponsored by the Committee: 

The Committee held a meeting with the Michigan and Wisconsin Committees 
at Pembine, Wisconsin, on June 3 and 4, 1944. Doctor Fenger presented 75 
cases for Glen Lake Sanatorium for review and discussion by the three combined 
Committees. At the second meeting of the Sanatorium Consultation Com- 
mittee, held on September 30th and October Ist, the cases from Mineral Springs 
Sanatorium were presented by Doctor Pfuetze. On January 26, 27 and 28, 
1945, the Committee visited Nopeming Sanatorium, where all the cases in 
residence were reviewed. Both the Committee and the Nopeming Sanatorium 
staff felt that the meeting was very worth while. Another combined meeting 
of the Minnesota, Wisconsin, and Michigan Sanatorium Advisory Committees is 
scheduled at Pembine, Wisconsin, on June 15th and 16th. Dr. G. A. Hedberg 
will present 75 successive first admission cases from Nopeming Sanatorium. 

At the fall meeting, considerable discussion took place regarding what consti- 
tuted a reportable case of tuberculosis. It was decided that all cases of tubercu- 
losis, both pulmonary and extrapulmonary, active and inactive, should be 
reported to the State Board of Health. The Society passed a resolution request- 
ing the legislature to provide 25 beds in one of the state institutions for 
incorrigible patients who refused to obey sanatorium rules or who refused to 
remain in a sanatorium until such time as they were no longer a public health 
menace. Dr. E. 8S. Mariette, the Chairman of the Legislative Committee, 
suggested that the Society recommend certain legislation pertaining to the 
rehabilitation of the tuberculous and committing positive-sputum cases to the 
public sanatoria. The Society voted approval of the legislation. Some of 
these bills have already become law. A paper on The St. Louis County Tubercu- 
losis Survey was presented by Dr. Roberts Davies, Nopeming, and one on 
Tuberculous Bronchiectasis by Dr. 8. 8. Cohen, Oak Terrace. 

Another meeting of the Society was held in Minneapolis on March 2, 1945 at 
which 52 members were present. The following papers were presented: The 
Laboratory Diagnosis of Tuberculosis by Dr. Wm. H. Feldman, Rochester, and 
What Categories of Patients Should Be Considered as Having Positive Sputum 
by Dr. H. Corwin Hinshaw, Rochester and Dr. F. F. Callahan, Ah-gwah-ching. 
A committee, of which Doctor Callahan was chairman, attempted to answer 
the last question by a committee report which follows. 
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Another meeting of the Minnesota Trudeau Medical Society is scheduled for 
late May or early June. The speakers have not as yet been selected. 


Report of Special Committee 


Dr. F. F. Callahan, Chairman 
Dr. Roberts Davies Dr. Frank Hill 
Dr. F. M. Feldman Dr. E. 8. Mariette 


The following Committee report was submitted to the Minnesota Trudeau 
Medical Society at its meeting in Minneapolis on March 2, 1945. 

In controlling the spread of tuberculosis, the greatest problems are presented 
by the unknown cases, the terminal cases cared for in the home, and the com- 
pletely uncoéperative cases with positive sputum. It is hoped that the group 
surveys now planned will bring the majority of the unknown cases to light. 
All terminal cases should be isolated in sanatoria whenever and wherever possi- 
ble. All cases with positive sputa, even if the bacilli are found only on culture 
of sputum or gastric contents, should be isolated if they refuse medical 
observation. 

The group of patients who have had sanatorium care and training and who 
are apparently clinically inactive but who show some degree of pathological 
activity, as indicated by the occasional presence of tubercle bacilli in the sputum 
or gastric contents, deserve special study and consideration. Their continued 
isolation (in the sanatorium) or discharge should be determined by the staff of 
the sanatorium where these patients were treated, in collaboration with the local 
and state health departments. In reaching a decision, consideration should be 
given to the following: the type, age and extent of the pulmonary lesion; the 
sex, age and resistance of the patient; his intelligence and economic status; his 
economic usefulness; his family and civic responsibilities; and finally the type of 
work for which he has been trained. 

In making these recommendations, it is assumed by the Committee that all 
patients in the questionable group will have medical follow-up examinations at 
three-month intervals for the first year and at six-month intervals thereafter. 
We believe this should be the minimum requirement in the follow-up of this 
group of patients. 

It is the opinion of the Committee that the patient who has had adequate 
treatment and training is less of a public health hazard than the untrained or 
untreated patient. 
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AMERICAN TRUDEAU SOCIETY 
Report of the Illinois Trudeau Society 
Dr. L. L. Collins, Secretary-Treasurer 


The Illinois Trudeau Society held a meeting in Chicago on April 5, 1945, in 
conjunction with the Chicago Tuberculosis Society and the Illinois Chapter of 
Chest Physicians. The meeting was called to order by the president of the 
Chicago Tuberculosis Society with short greetings extended by the presidents 
of the other two collaborating societies. 

Captain David J. Dugan, M. C., gave an interesting and enlightening talk 
on the manner of handling chest injuries which was accompanied by colored 
motion pictures of actual operations. Dr. Henry C. Sweany gave an excellent 
negative report on the therapeutic results with sulphone compounds. He left 
little doubt in the minds of those present that, as yet, no adequate chemical 
compound has been found which will successfully combat tuberculosis. Doctor 
Sweany pointed out, however, that such negative reports should not discourage 
research work, but should offer stimulation toward greater effort. 

There were between 75 and 100 people present at the meeting, of whom ap- 
proximately 60 per cent were members of the Illinois Trudeau Society; practically 
all of them were members of the Chicago Tuberculosis Society, and most were 
members of all three societies. 
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SILICOSIS! 
A Clinical Study 


HOWARD DAYMAN 


This study deals with the clinical observation of 116 patients with silicosis, 33 
of whom came to necropsy. Of the 116 patients, 64 were treated at the Sana- 
torium for periods averaging seven months, and the remaining 52 were examined 
in the Out-patient Department. For the entire series, the duration under 
medical observation averaged three years per patient, with a maximum of sixteen 
years. 

The histories showed that foreign-born laborers from Italy and the Baltic 
States comprised the greater number of cases. The youngest patient was 31 
years of age and the oldest 69, with the majority between the ages of 40 and 55. 
With few exceptions, previous health had been good. In one instance, pul- 
monary tuberculosis probably preceded the development of silicosis and in 9 
there was a history of pneumonia. Table 1 presents the occupations and periods 
of exposure to silica dust. In most occupations the average duration of 
exposure was about twenty years, the longest being forty-eight years for a 
sandstone worker, the shortest two years for a grinder. A history of prolonged 
exposure to silica dust was regarded as essential and, in conjunction with the 
clinical, roentgenological and laboratory findings, formed a basis for the diag- 
nosis of silicosis. 

Clinical groups: Of the 116 patients, 30 presented no evidence of clinical tuber- 
culosis and may be conveniently divided into two groups: those with simple 
nodular silicosis (15 cases) and those with simple conglomerate silicosis (15 cases). 
Seventy-seven patients with complicating manifest tuberculosis comprise a third 
group, and lastly there were 9 cases which remained unclassified through inade- 
quate information or because they did not clearly fall in one particular group. 
Patients who exhibited merely exaggeration of the linear markings on the chest 
roentgenogram were not included in the present study unless the diagnosis was 
confirmed at necropsy, since at that stage (often alluded to as the first stage in 
silicosis) the clinical diagnosis is at times in doubt. 


SIMPLE NODULAR SILICOSIS 


The majority of the 15 patients in this group were free of symptoms and the 
condition was discovered on routine examination or because the patient sought 
advice for some intercurrent ailment. A few noted slight dyspnea on exercise. 
The diagnosis was established solely on a history of prolonged exposure to 
silica dust and the minute, widely distributed shadows (2 to 5 mm. in diameter) 
cast on the roentgenogram. Tubercle bacilli could not be demonstrated in the 


sputum. 
In the absence of complicating tuberculous disease, the clinical course in nodu- 


1 From the New York State Hospital for Incipient Tuberculosis, Ray Brook, New York. 
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lar silicosis is in most instances benign, a point previously emphasized by other 
observers. Among the patients in this group, 4 have died of causes unrelated to 
silicosis. The remaining 11 have been under medical observation for periods 
averaging six years, with a maximum of eleven years. During this time, the 
patients have been able to work, and no material change in the pulmonary condi- 
tion has occurred. The following case is typical of this group: 


Case 1: R. H., age 54, was a magnetite miner for thirty years. The numerous minute 
shadows on the roentgenogram are the only evidence of silicosis aside from the history. 
The patient’s condition has not changed during nine years of observation. (Figure 1.) 


TABLE 1 
Occupations and duration of exposure to silica dust 


YEARS EXPOSURE 


Average 


21 
21 
10 
19 
Foundrymen 22 
Sand blasters........... 19 


116 20 


* Listed according to the occupation in which they engaged for the longest period. 


SIMPLE CONGLOMERATE SILICOSIS 


Included in this group are 15 patients with conglomerate silicosis and no 
tuberculosis so far as could be determined. 

The occupational histories are of interest since, on the average, these patients 
had sustained less total exposure to silica dust than had other patients in the 
series and were more often additionally exposed to carbon dust. Thus, 7 of the 
15 had each worked in dusty trades for less than ten years, and with 3 others the 
concentration of silica dust in the atmosphere was probably low. In the entire 
series of 116 patients, 12 had at one time or another been coal miners or had proc- 
essed graphite, and 7 of the 12 fell in the small group having conglomerate sili- 
cosis without manifest tuberculosis. 

Patients with this form of silicosis exhibited in varying degree the symptoms 
and physical signs of pulmonary emphysema. Dyspnea, the initial and cardinal 
symptom, was often the sole outstanding complaint over a period of years, while 
those symptoms commonly associated with tuberculosis, such as fever, pro- 
nounced weight loss, productive cough, hemoptysis and pleural pain, were absent 
or inconspicuous in most instances. Salient physical signs were the emphysema- 
tous thorax and diminished intensity of the vesicular breath sounds. Expulsion 
of the reserve air was accomplished with difficulty and evoked widely distributed 
rhonchi. The vital capacity was often considerably reduced. 
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In striking contrast to the clinical picture of emphysema, the chest roent- 
genograms presented evidence of advanced pulmonary disease. In 7 of the 15 
cases, massive shadows were situated symmetrically in either lung field at the 
level of the hila, while in 8 cases the principal shadows were somewhat smaller, 
more numerous and irregularly distributed. In 12, there were additional minute 
disseminated shadows compatible with silicotic nodulation, but in 3 cases evi- 
dence of discrete nodulation was indefinite or absent. In the majority of in- 
stances the low position of the diaphragm and areas of radiolucence, particularly 
at the bases, indicated the presence of complicating emphysema. In the present 
group, the shadows on the roentgenogram remained unchanged over long periods. 
It may be pointed out that neither the discrete nodules nor the conglomerate 
lesions cast characteristic shadows on the roentgenogram and one may be unable 
to distinguish between silicosis and neoplastic or infectious disease by X-ray 
examination alone. 

Tubercle bacilli could not be demonstrated in the sputum by microscopic 
methods supplemented in 8 of the 15 cases by guinea pig inoculation or culture. 

The disease in this form ran a protracted course, with gradually increasing 
dyspnea. Among the 15 patients, 8 have died, 2 of undetermined cause and 2 
of causes unrelated to silicosis. The remaining 4 of the 8 deaths were due to 
complicating pulmonary heart disease with cardiac failure, and occurred four 
to fifteen years after the onset of symptoms. The 7 surviving members of the 
group have been under observation for an average of six years and are able to 
do light work though they are partially disabled by dyspnea. One patient has 
experienced dyspnea attributable to silicosis for twenty-eight years without 
becoming unfit for work requiring moderate physical exertion. 

Three cases of conglomerate silicosis without clinical tuberculosis came to 
necropsy. In each instance histological evidence of tuberculosis was likewise 
lacking. The pathogenesis of these lesions is not clearly understood. They 
were formerly thought to be a manifestation of simple silicosis. However, 
nonsiliceous constituents of the dust may have some influence. That of carbon 
has already been alluded to and other dusts may have a similar action. There 
is evidence to suggest that the action of an infectious agent, the tubercle bacil- 
lus, is additionally required and that in these cases histological as well as bac- 
teriological evidence of tuberculosis has become obliterated. In the lungs of 
experimental animals, when infection by the tubercle bacillus (Ri) precedes the 
inhalation of silica dust, massive fibrosis develops while tuberculosis tends to 
become obscured (1). Furthermore, in clinical silicosis complicated by obvious 
tuberculosis, one may frequently trace, by means of X-ray, the appearance 
and growth of large lesions which at necropsy prove to be made up of silicotic 
nodules bound in a matrix of hyaline fibrous tissue, typical conglomerate lesions. 
Such lesions usually show well defined tuberculosis as well, but at times tubercu- 
losis cannot be demonstrated in some of the lesions or in portions of them. In 
2 cases of this series, tuberculosis, known to be present during life, could not be 
identified histologically but virulent tubercle bacilli were present in the tissues. 
In another instance a clinical diagnosis of simple conglomerate silicosis appeared 


i 
| 


452 HOWARD DAYMAN 


to be verified by the absence of tubercle bacilli in the sputum and the failure of 
the patient to react to the intracutaneous injection of 10 mg. of Old Tuberculin. 
At necropsy the conglomerate silicotic lesions of the lung and of the mediastinal 
and paradortic lymph nodes contained what appeared to be typical tubercles, but 
there was no caseation and tubercle bacilli could not be demonstrated either 
microscopically or by the inoculation of susceptible animals. In some respects 
the findings resembled those of Boeck’s sarcoid. It may be stated, therefore, 
that the combined influence of silica, the tubercle bacillus and, at times, other 
dusts can bring about massive fibrosis of the lungs while tuberculosis in its turn 
may become so altered that its identification is difficult. 

It has become a common practice to regard all silicosis with massive lesions as 
“silicosis with infection.”” It is apparent, however, that in some cases tubercu- 
losis, if present, is entirely latent or healed and plays no demonstrable part in 
the clinical course. For practical purposes this form of the disease must be 
considered separately and pending a clearer understanding of the pathogenesis 
it has been designated simple conglomerate silicosis in this study. 

The following cases illustrate the important aspects of this form of the disease: 


Case 2: B. D., age 46, was referred to us in August, 1937 because of mild intercurrent ail- 
ment. The patient had been a driller in zinc and magnetite mines for approximately nine 
years. He had suffered no serious illnesses except for a brief attack of pneumonia at the 
age of 35, from which he made an uneventful recovery. The general health was good. 
There was mild dyspnea on exercise and evidence of slight emphysema. Examination of 
the sputum failed to reveal tubercle bacilli. The chest roentgenogram (figure 2) presented 
massive abnormal shadows in the upper portion of both lung fields with additional minute 
shadows below. Our diagnosis was nodular and conglomerate silicosis with no evidence of 
clinical tuberculosis. 

Seven years later the roentgenological shadows were somewhat larger and more dense 
but otherwise the condition had not materially changed. The patient had engaged in 
light manual work during the entire period. 


This history illustrates the benign course pursued by some cases of con- 
glomerate silicosis and emphasizes the importance of complete clinical and 
laboratory examination. Despite the advanced disease indicated by the roent- 
genogram, there was relatively little disturbance of pulmonary function and 
tuberculosis of clinical proportions was not evident. In our experience such 
patients may often continue gainful employment providing the work is not 
arduous and they remain under medical supervision. Further dust exposure 
should, of course, be avoided. 


Case 3: J. P., age 49, came to us in June, 1937. The patient had been a magnetite miner 
for twenty-seven years in a mine where the silica content of the dust was only 10 per cent, 
and enjoyed good general health until 1936 when he developed dyspnea and cough pro- 
ductive of mucoid expectoration. 

The salient clinical findings were those of emphysema. There were no physical signs 
of cardiac disease. Tubercle bacilli could not be demonstrated in the sputum. The 
chest roentgenogram (figure 3a) presented massive abnormal shadows in the upper portion 
of both lung fields with adjacent smaller shadows. The cardiac silhouette indicated 
beginning enlargement of the outlet of the right ventricle. 
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Fic. 1. Upper left; Fie. 2. Upper right; Fic. 3a. Centre left; Fic. 3b. Centre right; 
Fig. 4a. Lower left; Fie. 4b. Lower right. 
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The patient’s condition remained unchanged until December, 1939 when he experienced 
the first of several attacks characterized by the presence of low grade fever, increased 
dyspnea, clinical and roentgenological evidence of new disease at one or the other lung 
base, cumulative cardiac enlargement and peripheral signs of cardiac decompensation. 
At such times the sputum contained black pigment which the patient volunteered was 
“mine dust.” The electrocardiogram traced the development of pronounced right 
ventricular hypertrophy. The patient succumbed during an attack in May, 1941, five 
years after the onset of outspoken symptoms (figure 3b). 

Autopsy: On opening the thorax, at necropsy, the lungs were emphysematous. In the 
upper portion of either lung was an area of conglomerate silicotic fibrosis, each containing 
an antrum approximately 4 cm. in diameter, the lumen partially filled with semi-liquid 
black necrotic material. The walls presented no pyogenic membrane or other evidence 
of infectious disease, ulceration being the result of ischemic necrosis. The remainder of 
the lungs showed small pigmented foci, the majority of which proved to be made up of 
cellular connective tissue and dust pigment. A few well-formed, discrete silicotic nodules 
were encountered. There was no evidence of tuberculosis or of passive congestion of the 
lungs. 

Obliterating endarteritis was a conspicuous finding throughout the lungs. Many of the 
smaller arteries were thrombosed and a few were recanalized indicating that the process 
had been going on for some time. The artery to the left upper lobe contained a thrombus 
which had begun peripherally near the area of conglomerate fibrosis and had grown in a 
retrograde manner until it had occluded a major branch. Arterial occlusion was probably 
responsible for the recurrent attacks of fever and cardiac failure. 

The heart was considerably enlarged due to hypertrophy and dilatation of the right 
ventricle, the wall of which measured 10 mm. in thickness. That of the left ventricle 
measured 16 mm. in thickness. The liver showed advanced chronic passive congestion. 


In this instance, as in all cases of this type which we have observed, it was 
impossible to determine from the history how long conglomerate silicosis had 
been present since its development was not attended by symptoms. Disability 
was due to emphysema and to pulmonary vascular complications. The latter 
were unusually pronounced in this patient. 


TUBERCULOSIS 


Seventy-seven patients came to us with silicosis complicated by clinical tuber- 
culosis. 

Though modified by the presence of silicosis, the symptoms were predomi- 
nantly those of the tuberculous disease and included, in order of frequency, cough, 
expectoration, dyspnea, weight loss, fever, pleural pain and hemoptysis. 

Dyspnea was a variable symptom. It has already been pointed out that, as 
a rule, simple nodular silicosis caused little respiratory embarrassment, and com- 
plicating tuberculous disease of strictly limited extent did not appear to aggra- 
vate it appreciably. Dyspnea was constant and severe, however, in those with 
advanced silico-tuberculous disease or with marked emphysema. 

On physical examination, the general condition of the patient was, at times, 
surprisingly good. We have repeatedly observed, as have others, that the con- 
stitutional reaction is not so pronounced when tuberculosis complicates silicosis 
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as when tuberculosis alone is present. Latent rAles were elicited over the upper 
portion of the lungs in 58 (75 per cent) of the 77 patients, in most of whom, it 
should be noted, the tuberculous disease was advanced. When present in that 
location, rales appear to constitute a reliable sign of tuberculosis. Although 
curving of the fingernails was observed in other forms of silicosis, marked club- 
bing of the fingers was associated with complicating tuberculosis and occurred in 
14 of the 77 patients. Clubbing bore no relationship to pulmonary heart disease. 

The chest roentgenogram presented wide-spread minute shadows similar to 
those observed in simple nodular silicosis together with larger mottled shadows, 
the latter usually being due to the intimately combined lesions of silicosis and 
tuberculosis. In 11 of 12 instances where it was possible to determine the initial 
location of the larger shadows the site of predilection was the upper portion of 
the lung fields, which suggests the tuberculous nature of the underlying lesion. 
Later extensions to the middle and lower thirds of the lungs usually obscured the 
early tendency to involve the upper portion but the summit of the lung frequently 
became the site of antrum formation. 

There was no correlation between the size or number of the silicotic nodules 
determined roentgenographically and the rapidity with which death from tuber- 
culosis occurred. In 4cases the roentgenograms presented only the larger mottled 
shadows when the patient first came under observation and the condition was 
erroneously ascribed to simple tuberculosis. Minute, widely distributed shad- 
ows subsequently appeared in the lower portion of the lung fields, and necropsy 
in each instance disclosed well defined silicosis as well as tuberculosis. 'Tubercu- 
losis accelerates the growth and enhances the size of the silicotic nodule and the 
development of tuberculous disease about the nodule further contributes to a 
more conspicuous shadow on the roentgenogram. In 3 of the 4 cases tuberculosis 
pursued a fulminating course. 

Tubercle bacilli were demonstrated in the sputum of 65 among the 77 patients. 
In exceptional cases, despite advanced disease and considerable expectoration, 
the appearance of tubercle bacilli was delayed for a matter of three to six months, 
though the organisms were later to be found without difficulty. In the majority 
of the 12 cases revealing no tubercle bacilli in the sputum, complicating tubercu- 
losis was in an early stage and the patients had been under observation for a 
relatively brief period. 

The infectious complications and their incidence, so far as could be determined 
in this small series, were the same as in simple pulmonary tuberculosis, with the 
exception that tuberculous enteritis was relatively uncommon. The complica- 
tions included: tuberculous pleural effusion—10; intestinal tuberculosis—5; mili- 
ary tuberculosis—5; tuberculous empyema—4; tuberculous laryngitis—4; genito- 
urinary tuberculosis-3; tuberculous bronchitis—2; tuberculous otitis media—2; 
cold abscess of the chest wall—1; cold abscess of groin—1. 

Barium passed through the intestinal tract somewhat more rapidly than usual 
in 12 out of 33 cases studied by means of the X-ray, but only 2 showed evidence 
of tuberculous enteritis, later confirmed at necropsy. Three additional cases 
at necropsy presented intestinal lesions of minor significance. 


456 HOWARD DAYMAN 


The presence of silicosis evidently predisposes the patient to progressive tuberc- 
ulosis. Sixty-six of the 77 are deceased. Following the development of overt 
symptoms of tuberculosis or the appearance of acid-fast organisms in the sputum, 
the average tenure of life was two and one-half years in this series. Of the 11 
surviving patients, only 3 have been under observation for more than four years. 

Forty-four of the 77 patients were treated at the sanatorium for periods averag- 
ing seven months but derived no evident benefit other than transient improve- 
ment in general condition. Nevertheless, the need for nursing care and segrega- 
tion from healthy associates made hospitalization advisable. In 3 instances 
therapeutic pneumothorax was induced. In each case pulmonary antra failed 
to close and empyema developed. One patient who was subjected to a thoraco- 
plasty operation after leaving Ray Brook likewise failed to attain an arrest of the 
disease. 

The following cases illustrate this form of the disease: 

Case 4: D. S., age 57, had been a mucker in magnetite mines for twenty-seven years. In 
February, 1938, while apparently in good health, an employment roentgenogram of the 
chest presented a very few mottled shadows in the right apex and left first interspace and 
a diagnosis of pulmonary tuberculosis, stage I, was made (figure 4a). The linear markings 
were exaggerated but evidence of generalized pulmonary fibrosis was so meagre that at 
first it was thought that the patient did not have an appreciable amount of silicosis. 

A few months later, a productive cough developed and on entering Ray Brook in De- 
cember, 1939 the patient presented the clinical picture of advanced tuberculosis with 
copious expectoration, dyspnea, low grade fever and emaciation. There were rales over 
the upper portion of the left lung. The fingers were clubbed. There were no cardiac 
abnormalities. The chest roentgenogram gave evidence of advanced pulmonary disease 
with a large antrum in the summit of the left lung. There were numerous minute shadows 
distributed in all areas not occupied by the larger mottled shadows, The sputum con- 
tained numerous tubercle bacilli. 

Despite steady progression of the pulmonary disease, the patient’s clinical condition 
showed no great change until May, 1941 when dyspnea became aggravated. In June, 
1941 ascites and peripheral edema developed. The roentgen silhouette of the heart be- 
came moderately enlarged but details of its shape were obscured by the numerous ab- 
normal shadows of pulmonary origin (figure 4b). There were no cardiac murmurs. The 
patient succumbed on July 11, 1941, approximately three and a half years after the pul- 
monary disease was discovered. 

Autopsy: Necropsy disclosed the presence of both silicosis and tuberculosis. A large 
antrum was situated in the upper portion of the left lung, its walls composed of silico- 
tuberculous tissue with an inner pyogenic membrane. Smaller antra of a similar nature 
were located in the midportion of the left lung and in the right apex. Numerous gray 
fibrous nodules, 2 to 7 mm. in diameter, were scattered through the remainder of the 
lungs. Grossly many of the nodules appeared caseous and microscopically all were found 
to be involved in the complicating tuberculous process. Interspersed between the nodules 
were many small caseous tubercles. In the lingual division of the left upper lobe the 
nodules were aggregated into areas of conglomerate fibrosis. There was no passive con- 
gestion of the lungs. 

The heart was two and a half times normal size due principally to dilatation of the right 
auricle and ventricle. The average thickness of the right ventricle was 7 mm., that of the 
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left ventricle 16 mm. The valves and coronary vessels were natural. There was chronic 
passive congestion of the liver, ascites, and moderate peripheral edema of the trunk and 
legs. 


This case illustrates the evolution of tuberculosis developing on a background 
of silicosis. The clinical course is typical of the majority of cases in which the 
two conditions were associated. It was unusual only in showing meagre evidence 
of silicosis initially. 


Case 5: J. B., age 50, came to us in September, 1940. He had been a magnetite miner 
for twenty-five years. General health had been excellent until 1937 when cough de- 
veloped and he gradually became dyspneic. A chest roentgenogram taken in March, 
1938 presented evidence of advanced bilateral pulmonary disease. Entering Ray Brook 
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Fia. 5a. Left; Fic. 5b. Right 


more than two years later, the patient appeared chronically ill, underweight and was more 
than moderately dyspneic. The body temperature and pulse rate were normal. Ex- 
pectoration, though copious, could not at first be shown to contain tubercle bacilli even 
by numerous cultures and guinea pig inoculations. Physical signs of disease, including 
rales, were elicited over the upper portion of both lungs. There were no cardiac abnor- 
malities. The fingers were clubbed. Additional findings, probably related to the pro- 
longed action of mineral dust in the atmosphere, were advanced occlusal abrasion of the 
teeth and pale shrunken lusterless nasal turbinates. The white blood count, differential, 
and erythrocyte sedimentation rate were compatible with the presence of progressive 
pulmonary tuberculosis. 

The chest roentgenogram of February, 1940 (figure 5a) presented the same appearance 
as that of March, 1938. There were mottled shadows throughout both lung fields, most 
numerous at the periphery in the upper portions. Included were a number of dense an- 
nular shadows varying from 3 to 15 mm. in diameter, evidence of calcareous shells sur- 
rounding lesions both in the lungs and in the hilar lymph nodes. 
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The patient’s clinical condition showed no material change for a considerable period, 
although several increments of the disease were detected by means of the X-ray (figure 
5b). Six months after he entered the hospital, tubercle bacilli were demonstrable in the 
sputum for the first time. Though few in number at first, they were later found in 
abundance. 

On June 4, 1942 the patient became more dyspneic than usual and deeply cyanotic. 
The heart was enlarged to percussion and also according to X-ray examination. The 
patient expired in cardiac failure on June 14, 1942. 

Autopsy: Necropsy disclosed massive areas of fibrosis in the upper portion of both 
lungs and numerous discrete fibrous nodules elsewhere in the pulmonary substance. The 
tracheobronchial lymph nodes were enlarged and fibrous. Many of the nodes were in- 
vested in calcareous shells and similar lesions were found along the ramifications of the 
bronchi in both lungs. Except for the presence of wide-spread calcification, so far as one 
could determine both grossly and by microscopic examination, tuberculous disease was 
restricted to the immediate vicinity of several small cavities and a small area of tubercu- 
lous bronchopneumonia, all in the left lung. The conglomerate fibrous lesions contained 
well formed silicotic nodules. Numerous lymphocytes were observed but evidence of 
tuberculous disease was lacking except in the above mentioned areas in the left lung. 
The sole cardiac abnormalities were hypertrophy and dilatation of the right ventricle. 
The liver showed chronic passive congestion. 


In this instance of silicosis complicated by tuberculosis, manifestations of the 
latter were relatively inconspicuous during life and at necropsy the amount of 
active tuberculous disease was found to be correspondingly restricted. Such 


cases comprise a minority among the patients in this series in whom both silicosis 
and clinical tuberculosis were present. This form of the disease has frequently 
been described, however, and is apparently common in some industries. 

The wide-spread eggshell calcification suggests that at one time all the con- 
glomerate lesions were the site of tuberculous disease, in that respect conforming 
to the theory that tuberculosis, at least in latent or healed form, was a factor in 
their development. 


PULMONARY HEART DISEASE 


Heart disease developing secondary to the pulmonary condition was diagnosed 
during life or at necropsy in 26 of the 116 cases. Twenty cases of pulmonary 
heart disease occurred among the 77 patients with silicosis and clinical tubercu- 
losis, 4 occurred in the group of 15 having conglomerate silicosis without clinically 
manifest tuberculosis, 2 among the 9 unclassified cases and none was found among 
those with uncomplicated nodular silicosis. The antemortem diagnosis based 
on the roentgenological evidence of cardiac enlargement and, in most instances, 
clinical signs of decompensation was made in 16 cases. In each of 13 such cases 
coming to necropsy the clinical diagnosis was confirmed. <A total of 33 post- 
mortem examinations revealed 10 additional cases of pulmonary heart disease 
undiagnosed during life. 

In the absence of cardiac decompensation, pulmonary heart disease usually 
escaped detection at the bedside. There were no associated cardiac murmurs 
and the only suggestive sign was accentuation of the pulmonary second sound. 
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When cardiac decompensation occurred, as was the case in 14 of the 26 instances, 
it was manifested by increased venous pressure, enlargement of the liver and 
dependent edema. Dyspnea became aggravated with the onset of myocardial 
failure, but orthopnea was not the early and prominent symptom which one 
observes in cardiac disease primarily affecting the left ventricle. In some cases 
it was entirely absent. Basal rfles when present could be attributed to inflam- 
matory disease of the lungs, an impression borne out at necropsy by the absence 
of pulmonary edema of cardiac origin. Transudation of liquid into the pleural 
space was likewise not observed in association with pulmonary heart disease and 
cardiac failure. 

The demonstration of right ventricular enlargement by means of the X-ray 
was an important sign appearing previous to any definite clinical manifestation 
of pulmonary heart disease. Preliminary to the taking of roentgenograms, the 
patient was carefully fluoroscoped with particular attention to the cardiac 
outline in the right anterior oblique projection; that is to say, with the right 
anterior surface of the chest against the fluoroscope screen. In this manner, the 
outlet of the right ventricle was cast in silhouette, permitting recognition of its 
enlargement which may be lacking in other projections (2). 

The electrocardiogram showed right axis deviation in a majority of the cases 
and aided in the exclusion of myocardial infarction. In one instance, the ab- 
normalities of the electrocardiogram signaled the development of a pulmonary 
infarct. 

Thirty-three of the 116 patients in this series came to necropsy. In the 
postmortem study of the heart it was necessary to exclude 4 cases because 
of peripheral hypertension, valvular cardiac disease, myocardial infarction or 
luetic cardiovascular disease. The findings in the remaining 29 are tabulated 
below. 


Cardiac Abnormalities in Silicosis 
Right Ventricular Changes 
N D H 


7 4 3 
(?-2) 


Left Ventricular 
Changes 


Totals 


N—normal; D—dilatation; H—hypertrophy; HD—hypertrophy and dilatation. 


Hypertrophy of the ventricle wall was considered to be present if it exceeded 
5 mm. in thickness on the right or 15 mm. on the left. In a few instances, the 
presence or absence of hypertrophy was judged by inspection, actual measure- 


HD Totals 
H 2 2 
5 
HD 3 3 
| 7 6 6 10 29 
16 
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ment of the wall not having been made. The right ventricle was hypertrophied 
16 times and the left ventricle 5 times. In 3 of the 5 cases of bilateral ventricular 
hypertrophy, the changes on the right distinctly exceeded those on the left. 

In 4 of the 6 cases showing cardiac dilatation without thickening of the ventri- 
cle walls the dilatation was pronounced and evidence of chronic circulatory 
failure elsewhere in the body supports the belief that the dilatation was not 
merely an agonal change. ‘Two specimens presented moderate dilatation of the 
right ventricle, a finding of questionable significance since there were no other 
indications of circulatory disease in these instances. In 7 cases the heart ap- 
peared normal. 

Significant cardiac abnormalities, predominantly those of the right ventricle, 
were thus encountered in 20 out of 29 necropsies, an incidence of 69 per cent. 
The nature of the cardiac lesions and the absence of other cardiac or vascular 
disorder to explain them, led us to conclude that they developed as a result of the 
pulmonary condition. 

Dilatation and hypertrophy of the right ventricle may reasonably be attrib- 
uted to obliteration of the vascular bed of the lung and hypertension in the pul- 
monary artery. This may result from obliterative endarteritis or from destruc- 
tion of pulmonary capillaries attending emphysema. Left ventricular hyper- 
trophy and dilatation is difficult to explain. It should be pointed out, however, 
that in the experimental emphysema of dogs, Kountz, Alexander and Prinzmetal 
(3) observed hypertrophy and dilatation of the right ventricle and to a lesser 
degree hypertrophy of the left ventricle. They also demonstrated bilateral 
ventricular hypertrophy at necropsy in a large proportion of patients dying with 
emphysema. 

Generally speaking, patients in the present study who for long periods ex- 
hibited advanced pulmonary fibrosis with disabling emphysema were more likely 
to have marked cardiac hypertrophy including that of the left ventricle. Those 
with nodular silicosis and fulminating tuberculosis as a rule presented less con- 
spicuous cardiac changes. Roessler (2) made a similar observation and con- 
cluded that tuberculosis hindered the development of pulmonary heart disease. 
It appears to us rather that death from tuberculosis took place before advanced 
cardiac disease could become established. 

Although tuberculosis as a complication of silicosis contributes to the develop- 
ment of pulmonary heart disease, tuberculosis by itself seldom causes such con- 
spicuous cardiac abnormality. Among 100 tuberculous men of a similar age 
group who were treated at Ray Brook, other forms of heart disease were occasion- 
ally encountered but none presented the cardiac syndrome observed in the sili- 
cotics. Among 77 tuberculous patients, average age 35, coming to necropsy 
at this Hospital, the incidence of demonstrable right ventricular hypertrophy or 
dilatation was 12 per cent. Advanced pulmonary heart disease with cardiac 
failure was observed in a case of extremely long standing fibroid tuberculosis and 
in one with marked bilateral therapeutic collapse of the lungs but in most in- 
stances the cardiac changes were relatively slight. 
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FRACTURE OF THE RIBS 


Fracture of the ribs due to muscular violence occurred in 12 of the 116 patients 
studied. In each of 8 patients, a single rib was fractured, while in 4 there was 
involvement of more than one rib. The greatest number of fractures occurring 
in one patient was five, and the rib most often fractured was the ninth. In no 
case were the upper four ribs, or the eleventh and twelfth ribs involved. Such 
fractures occurring in uncomplicated pulmonary tuberculosis are generally 
situated near the anterior endsof the ribs, but in silicosis the majority occurred 
in the region of the posterior axillary line. Fracture of the anterior portion of 
the rib is thought to be due to the antagonistic muscular action of the serratus 
anterior and the external abdominal oblique (4), but with posteriorly located 
fractures the mechanism is uncertain. In both cases muscular incoérdination 
during cough would seem to be responsible for the condition, since there is no 
history of external trauma. 


LYMPHATIC SYSTEM 


. Lymph nodes along the lymphatic channels draining the lungs are invariably 
enlarged, fibrous and, in the presence of tuberculosis, are tuberculous as well. 
The parasternal nodes and the nodes adjacent to the aorta, from a point where 
it enters the abdomen to below the origin of the renal arteries, are similarly 
involved. Lymph nodes along the free margin of the lesser omentum may also 
be affected. 

The parasternal nodes seldom attain a great size, but one patient, following 
what was probably a tuberculous pleurisy, developed a tuberculous parasternal 
abscess in the right second interspace which was incised and drained externally. 
The underlying lymph node was probably the source of this lesion (5). 

In 3 autopsied cases an enlarged silicotic lymph node, lying in juxtaposition 
to the common bile duct, appeared to have brought about dilatation, and inone 
instance inflammatory disease, of the biliary tract. One additional patient, 
three months following a tuberculous pleurisy, developed chronic, asymptomatic 
obstructive jaundice thought to have arisen through a similar mechanism. Ne- 
cropsy was not performed in this case. 


SUMMARY 


This study deals with the clinical observation of 116 patients with silicosis. 
An attempt is made to correlate the clinical findings with the morbid anatomy 
through a study of 33 cases that came to necropsy. Pulmonary tuberculosis is 
the most important immediate cause of disability in silicosis. It is not ap- 
preciably influenced by sanatorium treatment or by collapse therapy. Pul- 
monary heart disease is a frequent complication. The nature of the cardiac 
lesion and the means of recognizing the condition during life are described. 
Other complications include: indirect fracture of the ribs, chest wall abscess and 
obstructions of the biliary tract, the last apparently resulting from extrinsic 
pressure on the common bile duct by enlarged silico-tuberculous lymph nodes. 
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SUMARIO 


Este estudio versa sobre las observaciones clinicas en 116 enfermos con silicosis; 
(trata de correlacionar los hallazgos clinicos con la patologia por medio de un 
estudio de 33 casos en que se hizo la autopsia). La tuberculosis pulmonar cons- 
tituye la causa inmediata mds importante de incapacidad en la silicosis, sin que 
la afectara apreciablemente el tratamiento sanatorial, o la colapsoterapia. 
La neumonopatia constituye una complicacién frecuente. Describense la na- 
turaleza de la lesién cardiaca y los medios de reconocerla durante la vida. Otras 
complicaciones comprenden: fracturas indirectas de las costilla, absceso de la 
pared tordcica y obstruccién del aparato biliar, debido este tiltimo aparentemente 
a la presién extrinseca que ejercen sobre el conducto biliar los ganglios linfaticos 
silico-tuberculosos. 


The author wishes to acknowledge his indebtedness to the late Dr. Edward H. Levy 
who began this study but was unable to continue because of ill health. Dr. Leroy Gardner 
performed many of the autopsies in these cases. I am indebted to him for his kind advice 
and for making the facilities of the Saranac Lake Laboratory available to me. 
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PONCET’S DISEASE! 


Clinical Observations on Inflammatory and Degenerative Joint Reactions 
in Tuberculosis 


FRANK SELIGSON 


Poncet and Leriche in their two publications Le Rhumatisme Tuberculeux and 
La Tuberculose Inflammatoire describe numerous extrapulmonary inflammatory 
and degenerative lesions which in their opinion belong to the clinical picture of 
tuberculosis. Their observations have been and still are objects of heated argu- 
ment. While there exists extensive literature on this subject in French, German 
and Italian, few papers have appeared so far in England and America. The 
yearly surveys on The Problem of Rheumatism and Arthritis by Hench, Bauer, et 
al. in the Annals of Internal Medicine devote very little space to tuberculosis as 
a cause of these conditions, and twice we find a remark by the editor stating that 
tuberculous rheumatism is not accepted as an entity in the United States. 

Lewin in his contribution in Goldberg’s Clinical Tuberculosis does not mention 
Poncet’s observation at all nor does Rich in his recently published book on 
Pathogenesis of Tuberculosis. Undoubtedly there is great difficulty in defining 
the limits of the clinical pictures as described by Poncet and Leriche. Their 
publications give such a wealth of supported and unsupported facts that it is easy 
to discount all of them if one is not willing to sift the obvious and well-proved ones 
from those which do not deserve the same credit. 

Poncet and Leriche call their clinical entity tuberculous rheumatism; and 
describe numerous extrapulmonary conditions in the joints and other serous 
cavities as being caused by the tubercle bacillus. While they mention a wide 
variety of manifestations, this paper will try to emphasize the occurrence of 
transitory inflammatory changes in joints and serous cavities of the body as well 
as the simultaneous or alternating occurrence of degenerative rheumatic arthritic 
changes in the course of clinical tuberculosis. When Poncet and Leriche pub- 
lished their books, roentgenology played only a minor réle in the clinic of tubercu- 
losis and this accounts for the fact that they obviously considered many lesions of 
different origin as tuberculous when full proof could not be given. Nevertheless 
there remains much of importance in their extensive papers that, even nowadays, 
gives us important clues as to the pathogenesis of tuberculosis. 

Poncet and Leriche do not claim to find in all of their cases the classical proof 
of tuberculosis, which means the positive guinea pig test on inoculation and the 
typical pathological-anatomical picture. They maintain that Le rhumatisme 
tuberculeux est né de l’observation clinique and state that, while some of their cases 
meet the customary clinical requirements for the diagnosis of tuberculosis, very 
often the circumstantial evidence of clinical factors is considered as satisfactory 
proof of the tuberculous origin of the arthritic lesion. They admit that in many 
cases guinea pig inoculation was found negative for tuberculosis and that biopsy 


1 From the Edward Sanatorium, Naperville, Illinois. 
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showed only nonspecific inflammatory changes. I think that Poncet and Leriche 
deserve great credit for emphasizing these facts. Their viewpoint has been sup- 
ported later by pathologists such as Pagel, Huebschmann and Aschoff. 

Huebschmann supports the assumption that a hydrops articulorum of tubercu- 
lous origin really exists in which specific tuberculous changes cannot be found at 
all—or, if one wants to be more cautious, have not been found yet. Aschoff 
(quoted from Loewenstein) pointed out in 1921 that a tuberculous infection not 
only may produce the well known histological picture but all forms of inflam- 
mation. 

The latest and most complete surveys on Poncet’s disease were published by 
Roulet in 1935 and Berger in 1937. Berger, particularly, gives a very elaborate 
and highly valuable discussion of this debatable but important issue and shows a 
well balanced judgment regarding the value of clinical observation on one hand 
and biological experimentation on the other hand. In this country Loewenstein 
has recently written on tuberculosis and arthritis reaffirming his previous papers. 
His results, although highly interesting, are being doubted by many observers 
since he claimed to have found positive cultures of tubercle bacilli from the circu- 
lating blood in cases of multiple sclerosis, apoplexy and streptococcus sepsis. 
Nevertheless, his paper has reopened here the discussion of this problem which 
deserves so much further investigation. 

Poncet and his disciples were of the opinion that bacillary toxins cause the 
different types of tuberculous rheumatism, the most important of which are: 


: Acute or subacute rheumatism of the joints in 20 per cent of tuberculous patients. 
: Acute diffuse serositis (15 per cent of acute tuberculous rheumatism). 
8: Chronic tuberculous rheumatism in its different forms. 


The following facts are considered to be proof: 


: Coinciding occurrence of polyarthritis and tuberculosis or alternating course. 

: Transformation of a “rheumatic arthritis” into a fungous tumor. 

: Similar cytology of rheumatic and tuberculous effusions. 

: Rheumatic pains follow injection of tuberculin in tuberculous patients. 

: Occasionally, a positive guinea pig inoculation from effusion from a joint. 
6: Some experiments by Courmont and Dor who produced serous arthritis following intra- 
venous injection of attenuated tubercle bacilli. 


This opinion is opposed by Buschke who holds that only the presence of 
tubercle bacilli is certain proof of the tuberculous nature of the lesion. Buschke 
overlooks the possibility that the residuals of the specific lesions might be non- 
specific scars. 

According to Berger, four ways exist for tuberculous patients to develop an 
allergic arthritis: 

1: Bacillary allergic arthritis, with definite pathological-anatomical changes. 
2: Tuberculin-allergic arthritis. 

3: Resorptive arthritis. 

4: Arthritis caused by parallergy (secondary infection). 
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Whereas the seeding of bacilli does not need mentioning and is generally ac- 
cepted as valid cause, the existence of diffusible toxins is denied by some authors. 
However, clinical observation leads to the impression that a toxic-allergic reac- 
tion exists. One need only consider the frequent mode of onset of an infra- 
clavicular infiltration! The exacerbation of an infraclavicular infiltrate with 
pain in all joints resembles almost completely the clinical symptoms of “flu,” 
including even a “sore throat.’”? Many of such cases, first diagnosed as ‘‘flu,”’ 
are revealed later as tuberculous, unfortunately mostly after considerable spread 
of the tuberculous lesion. It is at this point that this question assumes practical 
importance. 

This view is well supported by Rich who writes: “It is interesting and im- 
portant that the effects of a marked systematic reaction (fever, malaise, headache, 
anorexia, joint pains, backache, prostration) are similar to those of anaphylactic 
‘serum sickness;’ they may simulate to a remarkable degree those familiar in 
influenza.” 

Galambos, in a very recent paper, emphasizes strongly Poncet’s viewpoint 
which he believes has been substantiated by Loewenstein’s experiments. 

In his experimental work Klinge created a broad basis supporting the clinical 
experience. He was able to prove that the same organism could produce septic 
and purulent inflammation at one time and allergic reactions at other times dis- 
tant from the original focus of infection. This seems to concur with the clinical 
experience and there is no reason why the same principle of action could not be 
expected in tuberculosis. Frequently even repeated guinea pig inoculations 
from pleural fluid are negative but the consequent clinical course shows the de- 
velopment of tuberculosis. Nevertheless, pleurisy with effusion, the frequent 
forerunner of parenchymal involvement, is being considered rightly as tubercu- 
lous in the majority of cases by most tuberculosis clinicians in spite of negative 
results of guinea pig inoculations with pleural fluid. 

Although a positive guinea pig test proves the presence of a tuberculous lesion, 
a negative test must be considered with great caution. Sometimes the technique 
of the investigator is questionable, and it should not be forgotten that our 
knowledge of the life cycle of the tubercle bacillus is too incomplete to rule out 
tuberculosis on the basis of a negative guinea pig test. It is a confirmed fact that 
Boecks sarcoid turns in a considerable percentage of cases into clinical tubercu- 
losis. Nevertheless, prior to this change, bacilli cannot be found by any labora- 
tory method available at this timg. This is not meant to belittle the great value 
of the guinea pig test but should make us reconsider the problem. 

Konschegg discusses tuberculous rheumatism and refuses to acknowledge a 
specific pathological entity on a clinical basis alone. He quotes Ruescher who 
believes that, due to strong immuno-biological resistance, specific tuberculous 
changes undergo a fast regression and leave only nonspecific granulation tissue. 
Such development would also give a satisfactory explanation for the absence of 
tubercle bacilli; however, Konschegg does not attribute decisive importance to 
the presence of tubercle bacilli because this would eliminate most cases in spite 
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of clinical evidence, while presence of tubercle bacilli would be proof of true 
tuberculous arthritis. 

Neumann in his Clinic of Tuberculosis of Adults speaks of ‘beginning tubercu- 
losis hiding behind rheumatism.” Out of his vast experience he describes very 
interesting cases. One of these cases extended over six years and started with 
pains in the right shoulder and pleurisy. In the course of the following six years 
deformity of the joints and immobilization of the extremities developed. There 
was also decreased motility of the spine. Many and extensive attempts with the 
usual methods of treatment were unsuccessful. Two courses of treatment with 
Old Tuberculin restored the patient from complete invalidism. 

The pulmonary findings in this case were not pronounced but the marked im- 
provement of the arthritis after the change from the usual treatment to tubercu- 
lin injections is impressive. Neumann classifies this case according to Bard and 
Piery as pleurite a répétition. He is thoroughly convinced of the tuberculous 
pathogenesis of many cases of ankylotic deforming arthritis and confirms Pon- 
zet’s observations with great emphasis. 

Fleeting allergic joint reactions can sometimes precede the appearance of a 
positive skin test. This is described interestingly by Heimbeck who saw swelling 
of the ankles one month prior to the appearance of a positive skin reaction. One 
month after the Pirquet reaction had turned positive, a pea-sized infiltrate 
appeared in the lungs followed at another month interval by a pleurisy with effu- 
sion. Heimback’s case is particularly well observed and he is of the opinion that 
this is the first description of a rheumatic joint infection prior to pulmonary 
manifestations. 

The underlying anatomical substrate of Poncet and Leriche’s “tuberculous 
rheumatism” is described by Tripier in his T’raité d’anatomie pathologique generale 
as follows: “Since we have found in our investigation that the sclerotic diffuse 
lesions which exist to some extent in all organs are present simultaneously in 
classical tuberculosis, one has to conclude that they have the same tuberculous 
etiology as those in which we find the classical changes. The diffuse sclerotic 
lesion changes without tubercles are probably of tuberculous origin. They are 
explained by a slow continuous irritative action. ...In short, one can conceive 
the problem in the following manner: toxins are secreted by the bacilli somewhere 
in the organism and enter from there the circulation. They settle in certain 
joints and produce lesions which do not show the habitual imprint of the 
bacillus but are nevertheless a definite manjfestation of the bacillary toxin. 
Certain facts support this conception: the arthropathies following a tuberculin 
injection, the local reactions of rheumatics following a tuberculin test or following 
an ‘ophthalmo-reaction’ and the temporal relationship between arthropathies and 
pulmonary flare-ups.” 

A little further in the same chapter, he states: “‘In tuberculous rheumatism as 
well as in other manifestations of ‘inflammatory tuberculosis’ the bacillus could 
be demonstrated only rarely by us as well as by other investigators. Only excep- 
tionally a sample from a joint effusion produces tuberculosis in a guinea pig. If 
an infection develops it does not begin to appear until long afterwards, perhaps 
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at the end of two or three months. On the other hand we did not find follicles or 
giant cells as expression of a specific formation in the synovia. All we could show 
as evidence was abnormal vascularization and embryonic infiltration with a 
tendency to organize around the blood vessels. This happens sometimes in the 
capsules of the joints, in the periarticular and in the connective tissues. Does this 
suffice to confirm that such a lesion is specific? We do not know it and we can 
say that in the great majority of the cases of tuberculous rheumatism no specific 
evolution of the tubercle bacillus could be demonstrated.” 

In this paper I intend to report several cases which could be classified within 
the two groups mentioned in the beginning of the paper. The first group shows 
acute inflammatory and exudative changes within body cavities. The other 
group will show the occurrence of degenerative arthritic changes during the course 
of pulmonary tuberculosis. It should be understood that there are also condi- 
tions showing both types of lesions. 


CASE REPORTS 


Case 1: Observed at the New Hampshire State Sanatorium, Glencliff, New Hampshire. 
R. T., a male patient, age 35, was admitted in January, 1941 with moderately advanced 
unilateral pulmonary tuberculosis. His sputum was positive prior to admission. Pneu- 
mothorax was instituted on the right a few days after admission. On March 18, 1941, he 
complained of sudden onset of nausea, vertigo and throbbing noises in the left ear. The 
hearing in the left ear was diminished. The condition was diagnosed as Meniére’s syn- 
drome. On the next day, the deafness increased and he was still dizzy. Otoscopy 
showed reddening around the edge of the tympanic membrane. Within the next days the 
symptoms disappeared gradually. Ten days after the onset of Meniére’s syndrome the 
patient showed a sudden swelling of the left knee joint. Fluctuation was felt upon pres- 
sure on the patella. The skin temperature was elevated over the swelling. On April 1, 
1941 the swelling had disappeared and no pain was felt. A week later only slight dizziness 
was left. 

Epicrisis: The pulmonary findings of this case were of the usual type but the sudden 
appearance of an effusion in the left knee joint and the ear symptoms were quite unusual. 
It should be noted that the effusion of the knee joint disappeared within a very few days 
and that the ear symptoms lasted only about two weeks. It appears logical to assume a 
common pathogenesis for the joint effusion and the ear conditions. The most probable 
explanation would be the assumption of a sympathetic effusion on an allergic basis; the 
short duration lends support to this assumption since there are hardly any other conditions 
known which could cause similar changes. Recent literature, particularly a paper by 
Atkinson, suggests strongly that a large percentage of Meniére cases have an allergic basis 
and Atkinson points out that many of them respond favorably to histamine therapy. The 
transient nature of the joint effusion is of the type described by Poncet and Leriche. 


Case 2: Miss M. W., admitted to the Edward Sanatorium April 8, 1944. This patient 
began to fail in November, 1942 and Addison’s disease was diagnosed in December, 1942. 
She kept on working and was treated with dioxycorticosterone. In December, 1943 she 
developed a sudden “flu” and a slight swelling of both knee joints was observed. In Feb- 
ruary, 1944 she was admitted to a Chicago hospital and miliary tuberculosis was found. 
On admission to the Edward Sanatorium the patient showed the typical picture of Addi- 
son’s disease and the presence of miliary tuberculosis was confirmed. She continued to 
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fail during her stay at the Sanatorium and was discharged after six weeks upon the request 
of her family. 

Epicrisis: There is little doubt that hematogenous tuberculosis existed already when 
Addison’s disease was first found. The transient swelling of the knee joints has to be 
considered either as an allergic manifestation at the time when renewed hematogenous 
seeding occurred or as a bland spread which was taken care of by a local immunizing 
reaction. The simultaneous occurrence of rheumatic changes and Addison’s disease was 
already known to Griesinger in 1860. The transient nature of the swelling of the knee 
joints speaks in favor of an allergic manifestation. 


Case 3: H. N., male, 32 years. Admitted to Edward Sanatorium on September 20, 1942. 
This patient was admitted with a moderately advanced exudative tuberculosis in the left 
upper lung field with positive sputum. After a short waiting period, pneumothorax was 
started and a satisfactory collapse was achieved. After two months an effusion formed in 
the left pleural cavity, which remained serous. In March, 1943, there appeared suddenly 
an effusion in the left knee joint. An attempt at treating it with local applications did 
not bring about any noticeable improvement. Simultaneously he developed swelling of 
several interphalangeal joints. Within the next months he also complained of pain in his 
right shoulder joint and in the right hip joint. On April 26, 1943, fluid was taken from his 
right knee joint and sent away for guinea pig inoculation. The result of this inoculation was 
negative for tuberculosis. During his further stay no noticeable improvement of his joint 
condition took place and he was discharged to undergo orthopedic treatment. At Wesley 
Memorial Hospital the synovia of the right knee joint was removed and two specimens 
examined macro- and microscopically. The findings were: 

On October 1, 1943: This specimen consists of three pieces of tissue, one of which ap- 
pears to be a portion of semilunar cartilage measuring about 3 cm. in length. A small 
amount of fat tissue is attached. Twosmaller pieces of tissue appear.to be mostly fat; one 
is moderately discolored. They measure } cm. and 3 cm. in diameter respectively. 

Sections of theabove mentioned material show numerous fimbriated processes extending 
from the synovial surface. These are very vascular and infiltrated with lymphocytes, 
plasma cells, and phagocytic monocytes. Some of these processes are partially covered 
by cuboidal or flattened epithelium; others appear to be partially exposed. Numerous 
fibrin masses are also present and are papillary in shape. The synovial membrane is 
greatly thickened, congested, and edematous. In a very few places there is a hyperplastic 
thickening of the lining epithelium. 

Diagnosis: Chronic papillary synovitis. 

On October 18, 1943: This specimen consists of a ragged and thickened piece of synovial 
membrane, a piece of fat, semilunar cartilage and a strip of skin scar measuring 10 cm. in 
length. Over the synovial surface of this specimen are a few areas of papillomatous 
hyperplasia. Injection is moderate. Other areas are smooth. A small amount of fluid 
contains soft, cream-colored masses in which areas of hemorrhage can be seen. 

Sections of the synovial membrane show considerable thickening, with numerous papil- 
lary processes projecting from the synovial surface. Lymphoid infiltraticn is very marked 
and includes a few follicles. The tissue is very vascular also. 

Diagnosis: Chronic polypoid synovitis. 

Epicrisis: The clinical course leaves little doubt that pulmonary and extrapulmonary 
findings in this case are of the same pathogenesis. The extrapulmonary findings showed 
the tendency to take a prolonged course. The histological examination did not give evi- 
dence of what are considered histological findings typical for tuberculosis. It is believed 
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that his case suggests the ability of the tubercle bacillus to produce nonspecific patho- 
logical-anatomical changes. Cases of this type were described by Poncet and Leriche as 
tuberculous rheumatism. These authors stressed the fact that many of them became 
chronic and led, over a course of years, to chronic degenerative arthritic changes with slow 
immobilization of the joints. 


Case 4: (Reported from personal communication.) Mrs. M. Sch., a 24 year old intern 
at the hospital where the author was a resident in 1925. This patient had an infraclavicu- 
lar right-sided lesion which was arrested after a stay of several months in the Swiss Alps. 
A few months prior to the diagnosis of pulmonary tuberculosis, she was suddenly taken 
sick with acute febrile polyarthritis. She was admitted to the University Clinic at Kiel 
and treated with salicylates without beneficial results. After several weeks the arthritic 
swellings disappeared and patient was discharged. A few months later she hemorrhaged 
and a diagnosis of open pulmonary tuberculosis was made. 

Epicrisis: The close sequel of events together with the unsuccessful treatment with 
salicylates point in this case towards tuberculosis as a common denominator and cause of 
both conditions. Grocco already considered in 1892 the lack of response to salicylates as 
a differential-diagnostic means to separate tuberculous and rheumatic polyarthritis, but 
this claim has been refuted later on by other authors. 

Although nothing is known about a tuberculin test prior to the onset of polyarthritis, 
it can be said that this case resembles closely the one reported by Heimbeck which also 
showed arthritic swellings shortly prior to the appearance of a pulmonary infiltrate. 


Case 5: Mrs. R. L., age 56, admitted to Edward Sanatorium on July 11, 1943. This 
patient had a thyroidectomy in 1921 at the Mayo Clinic and was treated there for thyroid 
deficiency in 1935. In November, 1940 she noticed a sudden film before her right eye and 
a hemorrhage in the right vitreous body was found. She was examined at the Mayo 
Clinic in November, 1940, but no definite statement as to the cause of the hemorrhage was 
made at that time. Shortly afterwards, she suddenly developed swelling of both knee 
joints which improved after about three months during which she took Erthron. In 1942 
the swelling in both knee joints recurred and lasted through January and February, 1943. 
This flare-up in the knee joints was followed by a pleuritic effusion on the left. Her 
attending physician considered her condition as rheumatic and treated her with quinidine 
because of what he considered a rheumatic mitral lesion with auricular fibrillation. On 
July 11, 1943 she was admitted to the Edward Sanatorium and had at that time a pleuritic 
effusion on the right. She reacted positively to the second strength of PPD. An explora- 
tory aspiration was done and the fluid was inoculated into a guinea pig with negative 
results. The Kahn test was negative. Her X-ray films did not show any parenchymal 
pulmonary involvement. In December, 1943 she was again examined at the Mayo Clinic 
following a recurring pleural effusion on the left. At that time evidence of a parenchymal 
lesion in the lower portion of the right upper lobe was seen and sanatorium treatment sug- 
gested. The patient followed this advice and went for a few weeks to the Winfield Sana- 
torium near Chicago where she was told that her pleurisy was not of tuberculous nature. 
In March, 1944 she had a short-lasting flu and in October, 1944, she complained again of 
pleuritic pain in her left side. An X-ray film taken after this was again free of parenchy- 
mal lesions. 

Epicrisis: Her ophthalmic, pulmonary and arthritic changes should be considered as a 
nosological entity. Although her pulmonary parenchyma was clear most of the time, 
eventually a fleeting lesion in the right upper lobe was found at the Mayo Clinic in Decem- 
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ber, 1943. While one of her attending physicians believed that she had rheumatic heart 
disease and that her arthritic changes were rheumatic, it is also possible to correlate her 
heart findings with her thyroid condition which was a very serious one prior to the thy- 
roidectomy. It must be admitted that the bacteriological proof of tuberculosis cannot be 
given. Her case resembles closely the ones described by Poncet, Loewenstein, Neumann 
and others. It would be interesting to observe the result of tuberculin treatment on this 
patient. 


Case 6: O. N., male, age 55. Admitted to Edward Sanatorium on January 10, 1944, with 
bilateral, far advanced open pulmonary tuberculosis. In 1921 the patient had an iritis 
from which he recovered. His history is not completely clear as to the onset of his pul- 
monary disease but he reports that he was seen in 1922 by a lung specialist in Vienna and 
was sent to Meran which is considered in Central Europe essentially a resort place for 
tuberculous patients. At the same time this lung specialist found a rigid chest cage and 
in 1927 Bechterew’s disease was diagnosed. In 1931 he had a relapse of his iritis and his 
spine had become completely immobilized. He went again to Meran because he was run 
down, although he cannot recall cough or expectoration. Prior to his admission to the 
Edward Sanatorium the patient had been slipping for eighteen months and became acutely 
ill in December, 1943 due to a bronchopneumonic spread of his old tuberculous lesion. 
The further clinical course does not add any additional features connected with our topic 
and may therefore be omitted. 

Epicrisis: This patient also shows a triad of ophthalmic, pulmonary and arthritic 
involvement, and parallels the same train of events as described before. Leading 
ophthalmologists like Hippel and Meller have frequently emphasized the tuberculous 
nature of many cases of iritis and proved it by excellent results with tuberculin 


therapy. It is not a coercion of facts to assume a common pathogenesis for all clinical 
conditions as they have occurred in this case. 


Case 7: W. K., male, 22 years old. This patient was admitted to Edward Sanatorium on 
April 7, 1943 after routine examination at Northwestern University where he attended 
Medical School, which he had entered with a negative tuberculin test. Four weeks prior 
to admission he was suddenly taken sick with an acute pleurisy with effusion which was 
already receding when he came to the Sanatorium. His X-ray film showed a small amount 
of fluid in the left costophrenic angle and a small infiltrate above the clavicle. He did not 
raise any sputum. His tuberculin test now was positive, the sedimentation rate on admis- 
sion was 23 mm. (Cutler) in one hour. Although the fluid disappeared completely during 
his stay at the Sanatorium, his sedimentation rate did not change. Three months after 
admission he complained of slight rheumatic pains in all joints and this was considered 
clinically at that time as a toxic allergic manifestation of his tuberculosis. An X-ray film 
taken a week later showed a new small infiltration close to the one seen on admission. 
During the further course of the disease his general condition improved greatly but the 
sedimentation rate did not go down. There was definite regression of both foci and the 
patient was discharged home after a stay of five and one-half months, to continue his rest. 
Epicrisis: The interesting feature of this case is the appearance of a new infiltrate 
shortly after a temporary attack of rheumatic pain in all joints, and fever. Although this 
syndrome is not unknown to many tuberculosis specialists, the immediate recheck of the 
pulmonary condition is frequently omitted and in some cases valuable time is lost. This 
case matches completely the description given by Rich at the beginning of this paper. 
However, it has greater importance to the general practitioner who in an overwhelming 
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majority of cases would consider such a case as “flu” or rheumatism and would not focus 
his attention on the possible presence of pulmonary involvement without clinical signs, 
except roentgenological. The result of this fact is that even nowadays 70 to 80 per cent 
of all sanatorium admissions are far advanced cases which could have been detected much 
earlier if the symptomatology of beginning tuberculosis were better known. It is the 
experience of the author that even highly qualified internists are not sufficiently familiar 
with the acute onset of tuberculous spreads and not infrequently diagnose them as pneu- 
monia in addition to an already existing tuberculosis. 


Case 8: Mrs. V. J., 35 years old. This patient was admitted to Edward Sanatorium on 
March 12, 1944. Three months prior to admission, patient had severe aches all up the 
spine and across the shoulder blades which were relieved by “many shots of whiskey.” 
However, the aches continued and spread to other joints. Eventually she was hospitalized 
and a thorough check-up revealed bilateral hematogenous tuberculosis in the upper lung 
fields and swelling of the hilar lymph nodes. The sputum contained tubercle bacilli. 
During the month before admission to the Sanatorium, patient had severe pains in the 
lower part of her legs and there was an erythematous swelling above the ankles. This 
swelling had the typical appearance of erythema nodosum. The erythema nodosum 
disappeared within the first two weeks and within four months the pulmonary lesion 
cleared completely. 

Epicrisis: Erythema nodosum has been observed frequently in the course of infectious 
diseases and Wallgren deserves the credit for describing its frequent occurrence prior and 
simultaneously to primary tuberculosis. The coincidental occurrence of erythema 
nodosum with hematogenous tuberculosis in this case leaves little doubt that it must be 
interpreted as an acute and probably allergic inflammatory manifestation of hematogenous 
tuberculosis. 


SUMMARY AND CONCLUSIONS 


The importance of rheumatic manifestations in the course of tuberculosis re- 
quires a renewed evaluation. Our present concept of clinical tuberculosis does 
not take them sufficiently into account and the present bacteriological methods 
do not seem to support them. Loewenstein and other workers have given some 
additional weight to Poncet’s observations by demonstrating tubercle bacilli in 
the circulation in various conditions, but his findings have not been generally 
accepted. However, clinical observations still have their value and cannot be 
disregarded in view of extensive literature, mostly French and German. More 
attention should be given to them by general practitioners and specialists. De- 
generative arthritic changes as well as transient inflammations are frequent in 
pulmonary tuberculosis. They often appear suddenly as effusions in various 
endothelial-lined cavities of the body and also as slowly progressing degenerative 
lesions in joints. Little has been done as specific treatment, and the use of tuber- 
culin treatment should have a new trial. Prominent authors, such as Neumann 
in Vienna and others, have proved its value in arthritis and eye conditions which 
did not show the typical picture of tuberculosis and were considered ‘‘rheumatic” 
by others. Nevertheless they responded well to tuberculin treatment. The 
knowledge of the clinical picture referred to in this article can be of great help in 
diagnosing many cases hitherto not recognized as tuberculous, and also can lead 
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to the detection of many other cases which can be spared a long sanatorium treat- 
ment with applicaton of all the modern methods of treatment in the far advanced 
state of the disease. 

Eight cases are reported in this paper, which are believed to support Poncet’s 
and Leriche’s observations. 


SUMARIO Y CONCLUSIONES 


La importancia de las manifestaciones reumdticas durante la evolucién de la 
tuberculosis exige reevaluacién, pues nuestro actual concepto de la tuberculosis 
clinica no las toma suficientemente en cuenta y las actuales técnicas bacterio- 
légicas aparentemente no le prestan apoyo. Loewenstein y otros autores han 
agregado algtin peso mds a las observaciones de Poncet al encontrar bacilos tuber- 
culosos en la circulacién en varios estados, pero sus hallazgos no han sido acepta- 
dos generalmente. Sin embargo, las observaciones clinicas todavia retienen su 
valor y no pueden desatenderse vista la considerable literatura principalmente, 
francesa y alemana, que existe, y que reclama mayor atencidén de parte de los 
médicos generales y los tisidlogos. Las alteraciones artriticas degenerativas asi 
como las inflamaciones transitorias son frecuentes en la tuberculosis pulmonar, 
presentandose de repente en forma de derrames en varias cavidades recubiertas 
de endotelio y también de lesiones degenerativas de evolucién lenta en las articu- 
laciones. Poco se ha hecho en cuanto a tratamiento especifico, y la tuberculino- 
terapia deberia ser objeto de un nuevo ensayo. Autores eminentes, tales como 
Neumann de Viena y otros, han comprendido el valor de esa terapetitica en los 
artriticos y los estados oculares que no revelaban el cuadro tipico de la tuberculo- 
sis y que considerados por otros como “‘reumAticos’’, sin embargo, respondieron 
bien a la tuberculina. El conocimiento del cuadro clinico mencionado en este 
trabajo puede ser de mucha utilidad para diagnosticar muchos casos no reconoci- 
dos hasta ahora como tuberculosos y conducir al descubrimiento de otros muchos 
a los que puede ahorrdrseles un largo tratamiento sanatorial con la aplicacién de 
todos los modernos métodos terapetiticos en el periodo m4s avanzado de la 
enfermedad. 

En este trabajo describense 8 casos que aparentemente apoyan las observa- 
ciones de Poncet y Leriche. 
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TREATMENT OF PULMONARY TUBERCULOSIS WITH DIASONE! 
KENNETH B. OLSON, JENCE F. THOMPSON anp CLARENCE J. ZINTHEO, Jr. 


Diasone,? di-sodium formaldehyde sulfoxylate diaminodiphenylsulfone, is said 
(1) to have been independently and simultaneously synthesized by Raiziss and 
associates (2), of the Dermatological Research Laboratories, division of Abbott 
Laboratories, and by Bauer and Rosenthal of the United States Public Health 
Service. Feldman, Hinshaw and Moses (3) have recently reiterated the opinion 
that the effectiveness of diasone and promin in experimental tuberculosis may be 
due to the breakdown of these products to 4,4’-diaminodiphenysulfone. This 
latter drug was first synthesized in 1908 by Fromm and Whitman (4). It was 
first used in 1937 in experimental streptococcal infections in mice but, because of 
its toxicity and tendency to form methemoglobin, it was discarded in favor of 
less toxic materials. These drugs are members of the “‘sulfone’’ group in distinc- 
tion to the drugs of the “sulfonamide” group used in other bacterial infections. 
Several investigators (5, 6, 7) have reported that diasone inhibits the production 
of tuberculosis in experimental animal, but this inhibition is less marked than that 
which occurs with either promin or 4 ,4’-diaminodiphenylsulfone. 

Petter and Prenzlau (8) reported a clinical trial with diasone in 44 cases of 
pulmonary tuberculosis. In their series, 59 per cent of the cases became sputum- 
negative in from 45 to 125 days, and the majority showed marked clinical im- 
provement while receiving chemotherapy. They stated that 18 per cent of the 
patients treated were entirely ambulant, so it can be assumed that 82 per cent 
were receiving some degree of bed-rest which, in minimal or moderately advanced 
cases over a period of four months, can be expected to exert some beneficial 
effects. 

Any drug which may exert a beneficial influence on pulmonary tuberculosis, 
and providing the consequences will not be adverse on the host, should be evalu- 
ated. It was in such a spirit that the present study was undertaken. The 
majority of the cases studied were not early exudative cases but the majority 
did have a large component of exudative disease. The features which were most 
carefully observed were conversion of sputum, chest roentgenographic findings 
and closure of cavities. The subjective symptoms and factors such as weight 
gain, cough and expectoration, were purposely minimized as these factors, while 
of importance, will vary considerably and inconsistently in a chronic disease such 
as tuberculosis. 

CLINICAL MATERIAL 


Ten cases of pulmonary tuberculosis were selected and an attempt was made 
to match each case with a control case of about the same age and with a similar 


1 From the Firland Sanatorium, City of Seattle Health Department, Richmond High- 


lands, Washington. 

2 The diasone used in this work was donated by the Abbott Laboratories to the U. S. 
Naval Hospital, Seattle, Washington. Captain J. P. Brady of the Seattle Naval Hospital 
supplied Firland Sanatorium with the diasone used for this experiment. 
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type of tuberculosis. In establishing a control group, it. was thought that some 
basis for comparison could be established and in such a small series would better 
serve to evaluate the effectiveness of diasone. All cases were given bed-rest 
treatment in addition to the diasone or control capsules, for the period of seven- 
teen weeks (119 days). One control case had tuberculous empyema which was 
occasionally aspirated. Treated cases were given 5 grains of diasone with each 
meal for a total of 15 grains (1.0 g.) per day. With the exception of 2 instances 
of severe febrile episodes, the drug was given continuously for seventeen weeks. 
Control cases were given three similar capsules daily which contained glucose. 

Each patient had a roentgenogram of the chest, sedimentation rate, twenty- 
four-hour sputum concentrate, urinalysis and complete blood count before the 
start of the experiment. Roentgenograms of the chest and sputum concentra- 
tions were repeated every four weeks and the sedimentation rate, urinalysis, blood 
count and blood diasone level determinations were repeated weekly for five weeks, 
and then about monthly for the duration of the experiment. 

One far advanced terminal case was treated intermittently for four months 
in addition to the cases mentioned above. It was not felt that diasone influenced 
the course of this case. 

Diasone determinations: These were done according to the method described by 
the Abbott Laboratories (1) and final readings were made with a photo-electric 
colorimeter as the color reaction was frequently so slight as to make visual read- 
ings inaccurate. On one occasion Earl Norris, Ph.D., Professor of Biochemistry 
at the University of Washington, checked the determinations by spectroscopy 
and found them within the limits of permissible error. Chart 1 gives a scatter 
graph of the determinations and shows that it required three to four weeks for 
the blood level to maintain itself above 1 mg. per cent but the average for most 
of the period of experiment was between 1 and 2 mg. per cent. It is of interest 
to note that the highest levels were found in patients who were acutely ill and 
had fever. In 2 instances high blood level findings seemed to be related with 
an acute febrile response in these patients. 

Symptoms: There was no sense of well being, as noted by some observers, which 
could be attributed to the drug. About 6 patients developed some degree of 
nausea but this was severe in only 3 patients and gradually disappeared. One 
patient vomited. These reactions occurred chiefly in the first four weeks of the 
experiment and gradually disappeared and were never considered severe enough 
to warrant discontinuing the treatment. It is of interest to note that 2 of the 
control cases complained of mild nausea. Several of the treated cases complained 
of nervousness and transient headaches and these symptoms were not as notice- 
able in the control group. Several patients believed in the earlier period of treat- 
ment that cough was reduced and in 2 cases cough was permanently reduced. 
The remainder of the treated cases did not feel that there had been any perma- 
nent change. 

Objective findings: Eight of the treated cases developed bluish discoioration 
which is said to be due to development of methemoglobin and sulphemoglobin 
in the erythrocytes. 
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Temperature: Seven treated cases had normal temperature readings at the 
start of the experiment and 3 patients had fever of over 99.5°F. All but 2 of the 
patients with normal temperature readings developed slight elevations of tem- 
perature of from 0.4 to 0.6 degrees. These elevations tended to decrease toward 
the end of the experiment. In 2 of the febrile cases the temperature went as 
high as 103 to 104°F., and in these 2 instances the drug was withdrawn and the 
temperature promptly subsided. The drug was resumed in both of these cases 
with no apparent ill effect. One febrile case had progressive elevation of tem- 
perature with progression of pulmonary tuberculosis and died shortly following 
the termination of the experiment. It was felt that the drug had a tendency to 
cause increased temperature elevation and that this reaction was most marked 
in acute exudative tuberculosis. 

Two control cases were febrile and 8 had normal temperatures at the start of 
the period of observation. One febrile case developed progressive continued 
fever to as high as 103°F. One patient with a normal temperature at the start 
became febrile. One control case became afebrile so that 9 controls had normal 
temperature curves at the end of the experiment. 

Weight: Six treated cases gained an average of three and one-half pounds and 
6 control cases gained an average of seven pounds during the four-month period. 
Four treated cases lost an average of four pounds and 4 controls lost an average 
of four pounds. There was no significant difference in the treated cases as far 
as weight gain was concerned. 

No significant changes were noted in the urine examinations. 

Erythrocyte count: As noted by other observers, there was a sharp reduction 
in the red cell counts which fell from an average of 4.5 to 3.9 million per cmm. by 
the fifth weeks. There followed a gradual recovery toward normal. Control 
cases showed a gradual slight tendency of the red blood cell count to fall. 

Hemoglobin: The hemoglobin content of the blood fell quickly after the first 
week from an average of 13 to a low of 10 g. per cent by the fifth week, and then 
tended to return towards normal and was above the level of the control group 
two weeks after termination of the treatment. 

Leucocyte count: There was no significant change noted in the white blood 
cell counts and no case of leukopenia was observed. Differential counts did not 
show any appreciable change from what was to be expected. Nonfilamented 
polymorphoneuclear leucocytes were increased in those cases with acute disease, 
as might be expected. 

Sedimentation rate: There was a pronounced tendency for the sedimentation 
rate of all treated cases to decrease. At the start of the experiment the treated 
cases showed an average sedimentation rate of 13 mm. in one hour, and the con- 
trols an average of 16 mm. in one hour. After four months of treatment the 
average of the treated group was 8 mm. in one hour and the control group showed 
an average of 15 mm. in one hour. It is difficult to account for this reduction in 
rate and it is possible that it may be related in some way with the anemia or due 
to a direct influence of the drug on the blood plasma. This finding warrants 
further study as it did not necessarily follow the course of the disease as deter- 
mined by roentgenographic findings. 
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Crarr 2. Significant hematological findings in 10 cases of pulmonary tuberculosis treated with diasone. 
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RESULTS 


Sputum conversion: Table 1. Seven treated and 7 control cases had positive 
sputum at the start of the experiment. After four months of treatment 2 treated 
cases converted their sputum from positive to negative and one treated case had 
died. Of the control group one case changed from negative to positive but 
otherwise there was no change. After ten months of treatment and observation, 
the status of the treated cases was 3 negative, 6 positive and one dead. With 
the exception of the death, this was the same as at the start of the experiment. 

Of the control cases, 5 were negative after ten months and 3 were positive and 
2 were dead. There did not seem to be any significant effect on the bacillary 


TABLE 1 
Results of sputum examinations 


NEGATIVE POSITIVE 


Treated Control Treated | Control 


7 7 
5 8 
6 (7) 3 (5) 


*2 control cases and 1 treated case dead. 


TABLE 2 
Roentgenographic results of treatment 


AFTER FOUR MONTHS AFTER TEN MONTHS 


Treated Control Treated Control 
2 6* 
2 1 2 
6 2 1 
0 1 2 


4 
2 
3 
1 


* 1 thoracoplasty. 
¢ 2 pneumothorax. 


content of the sputum. Results were slightly better at the end of a four-month 
period of treatment than in the control cases but they were slightly worse in the 
treated cases after an additional six months’ period of observation. It is believed 
that these are the usual changes which occur in pulmonary tuberculosis and that 
the changes noted are well within the limits of error. 

Results of chest roentgenographic findings: Table 2 gives a summary of all of 
the cases treated. After four months 4 of the treated cases were improved, in 2 
there was no change noted and in 3 the roentgenograms of the chest showed dis- 
tinct change for the worse. Of the control cases, 2 were improved, 2 showed no 


3 A panel of four physicians trained in tuberculosis work passed on the roentgenographic 
findings after four months and then after a further six months’ follow-up. The physicians 
did not have advance knowledge as to which were treated and which were control cases. 
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change and 6 were distinctly worse. At ten months the results in the two series 
of cases were about comparable. 

Minimal pulmonary tuberculosis: Only one such case was treated. It was an 
early exudative lesion and showed gradual improvement during the period of 
treatment as well as after discharge from the sanatorium. A control case did 
well also. It is doubtful that diasone influenced the results in this case. 

Moderately advanced pulmonary tuberculosis: (3 cases) At the end of four 
months of treatment, 2 cases showed no change and one case revealed definite 
improvement. During this same period 2 of the control cases became worse and 
in one there was no change. After an additional six months of observation, 2 of 
the treated cases showed improvement and in one case there was no change. 
Of the control cases during this period one was improved, one showed no change 
and one died from emphysema, pleural effusion and right heart failure (confirmed 
by autopsy). It seems doubtful that diasone affected this group of cases. 

Far advanced pulmonary tuberculosis: (6 cases) Three treated cases were 
worse after four months of treatment, 2 were improved and one case died. The 
control group revealed 4 cases worse and 2 improved during the same period. 
The results in this group at four months were about identical. After an addi- 
tional six months’ period of observation, 2 of the treated cases were worse and 
3 were improved, one of the latter with a thoracoplasty. The control cases, at 
ten months, revealed that one case had died, 4 were improved (2 of them with 
pneumothorax) and one case was worse. All but one of the treated cases showed 
either exudative or mixed disease and yet few showed improvement. One fibrotic 
case showed definite improvement which has continued. ‘Two cases with recent 
exudative disease showed rapid, continued progression despite treatment. 

Cavity closure: Six treated cases showed roentgenographic evidence of pul- 
monary cavitation. In one instance a cavity closed while the patient was re- 
ceiving treatment. Three far advanced control cases had pulmonary cavitation 
but none closed during the period of observation. 


DISCUSSION 


The results as shown do not seem to indicate that there was any marked 
beneficial effect which may have been a result of diasone therapy. Certain 
effects of diasone, such as the reduction of the sedimentation rate during treat- 
ment, may warrant further study. It is entirely possible that diasone may have 
or produce a systemic response which may inhibit the growth of tubercle bacilli 
in animals, but as yet there is no proof of its value in human pulmonary tubercu- 
losis. 

What can be expected of a chemotherapeutic agent which will control tubercu- 
losis? Zucker et al. (9) have set down certain dicta for the evaluation of chemo- 
therapeutic agents in tuberculosis and among others they stress that a trial of 
one to two months should be sufficient time for a definite beneficial effect to be 
appreciated. The Abbott Laboratories recommend a minimum period of 120 
days for the trial of diasone and from the foregoing material it should be plain 
that the evaluation of a drug becomes quite hopelessly involved with the natural 
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evolution of the disease over such an extensive period. Closure of large cavities 
or resolution of chronic, fibrotic disease by a chemotherapeutic agent seems be- 
yond expectation. The sterilization of the sputum and the rapid resolution of 
recent exudative lesions and the closure of small cavities all seem within the 
realm of possibility and these results should be the minimum to be expected from 
a specific treatment of tuberculosis. On all of these counts, diasone falls quite 
short of the goal. 

Tuberculosis is an infectious process, sometimes acute, more often chronic in 
character. There is every reason to believe that sooner or later, and it is hoped 
that it will be sooner, an effective chemotherapeutic agent for the control of 
tuberculosis will be found. There is as much reason for this hope as there was 
at one time to hope for a cure of syphilis or osteomyelitis. A specific drug which 
would sterilize the sputum or even prevent further extension of the disease would 
be of immense value in the eventual control of tuberculosis. Diasone is not 
such a drug, although it apparently does exert some inhibitory effect on experi- 
mental tuberculosis and is similar to promin in effect. 

It is also to be hoped that any agent found will be carefully evaluated, the 
character and permanence of its effect determined, and its toxicity known, before 
such discovery is made known to the lay press. Human pulmonary tuberculosis 
is a vicious disease, but also quite a variable one. The resistance of the host and 
the character or virulence and number of the invading organisms all influence the 
type and the ultimate outcome of the infection. Many investigators stress that 
early, exudative lesions are the type most apt to respond to chemotherapy. 
These lesions are also most apt to respond to bed-rest or almost any other form of 
treatment and in many instances will clear without any treatment. 

Therefore, it is incumbent upon any investigator to control carefully any 
apparent results even though the method of control may not be absolutely 
accurate. It will give a clue as to the efficacy of any new agent. 


SUMMARY 


1. One minimal, 3 moderately advanced and 6 far advanced patients with pul- 
monary tuberculosis were treated for a period of 119 days with diasone. 

2. There were no significant changes noted in the bacillary content of the 
sputum. 

3. Roentgenographic changes in the lungs were about the same as those ob- 
served in a similar group of untreated cases. 

4. It is not believed that diasone in the dosage used and under the conditions 
of the experiment influenced the course of 10 cases of pulmonary tuberculosis 
beyond what might be expected of bed-rest treatment alone. 


SUMARIO 
1. Durante un periodo de 119 dias se traté con diasona a 10 enfermos de 
tuberculosis pulmonar: uno minimo, 3 moderadamente avanzados y 6 muy 


avanzados. 
2. No se notaron alteraciones significativas en el contenido bacilar del esputo. 
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3. Las alteraciones radiograficas observadas en los pulmones fueron més 
o menos idénticas a las notadas en un grupo semejante de casos no tratados. 

4. Los AA. no creen que la diasona a la dosis utilizada y en las condiciones del 
experimento afectara la evolucién de estos 10 casos de tuberculosis pulmonar més 
de lo que hubiera podido esperarse con el reposo en cama exclusivamente. 


REFERENCES 


(1) Brochure from the Abbott Laboratories, Research Division, North Chicago, Illinois. 

(2) Rarziss, G. W.: Diasone, a new active chemotherapeutic agent, Science, 1943, 98, 
350. 

(3) Fetpman, W. H., Hrnsnaw, H. C., anp Mosss, H. E.: The effects on experimental 
tuberculosis of 4,4’-diaminodiphenylsulfone, Am. J. M. Sc., 1944, 207, 290. 

(4) Fromm, E., anp WuiTMan, J.: Deutsche Chem. Gesellsch., 1908, 41, 2264. (Quoted 
by Feldman et al.) 

(5) Cattomon, F. F. T.: New derivatives of diaminodiphenylsulfone: Their therapeutic 
effect in experimental tuberculosis of guinea pigs, Am. Rev. Tuberc., 1943, 47, 97. 

(6) Fetpman, W. H., Hinsnaw, H. C., anp Mosss, H. E.: Therapeutic effects of disodium 
formaldehyde sulfoxylate diaminodiphenylsulfone in experimental tuberculosis, 
Arch. Path., 1943, 36, 64. 

(7) Smrrx, M. I., Emmanrt, E. W., anp Srontman, E. F.: The action of some derivatives 
of 4,4’-diaminodiphenylsulfone in experimental tuberculosis, Am. Rev. Tuberc., 
1943, 48, 32. 

(8) Perrer, C. K., anp Prenzuau, W. S.: Treatment of tuberculosis with diazone, Am. 
Rev. Tuberc., 1944, 49, 308. 

(9) Zucker, Gary, Pinner, Max, anp Hyman, H. T.: Chemotherapy of tuberculosis: 
Promin by intravenous drip method, Am. Rev. Tuberc., 1942, 46, 277. 


( 

1 

I 
r 
h 
t 
r 
h 
a 
le 
n 
le 
p 
Se 
tk 


STRICT BED REST IN PULMONARY TUBERCULOSIS! 
An Appraisal 
HARRY A. BRAY 


There can be no question that rest in bed is essential in the treatment of pul- 
monary tuberculosis when manifest symptoms are present. Opinion is divided, 
however, regarding the practice widely employed in recent years of strict bed- 
rest for tuberculous patients who are in good nutrition and free from symptoms or 
practically so. Patients on strict bed-rest are enjoined to remain quiet, and bath- 
room privileges are not permitted. Flat bed-rest is a more rigid form of the 
treatment, and even the asymptomatic patient at times may not be allowed to 
feed himself. ‘To be of benefit, the rest must be complete, mentally and physi- 
cally. This means flat rest in bed. Even writing, listening to the radio, reading, 
talking and arguing are activities that may cause an increase in the rate of 
breathing without your realizing it.’ (1) 

The published results achieved by this form of treatment are few in number; 
the most important is a study by Amberson (2) of more than one hundred tuber- 
culous patients presenting an “early” lesion. The “early” lesion was located in 
the upper part of the lung, usually not more than 3 cm. in diameter, and was 
early in the sense that it was discovered within a year as determined by serial 
X-ray films. The patients received two to four months of strict bed-rest and a 
“lasting cure” was obtained in approximately 90 per cent of instances. The 
measure also apparently prevented the “early” lesion from progressing, since 
“the majority of early infiltrations developing in young people progress and 
undergo excavation if not promptly and properly treated” and “most of the 
untreated cases have progressed into advanced disease.”’ Finally ‘‘the experience 
can be said to approximate closely the results of treatment of minimal lesions 
reported by Brown from the Trudeau Sanatorium, despite the distinction between 
minimal lesions and early lesions previously mentioned.” There is, insofar as I 
have been able to determine, no experimental evidence to support the claim that 
the ‘‘early”’ lesion is especially dangerous. In fact, the studies of Burke (9) with 
rabbits in sensitized and nonsensitized animals show that the initial lesion in the 
lung tends to disappear and that after an interval of some months other lesions 
appear which prove fatal to the animal. The present study tends to confirm 
the experimental studies of Burke. 

In tuberculosis it is agreed that, in general, the more extensive the disease, the 
less favorable the prognosis. It is surprising, therefore, that the results of treat- 
ment at Trudeau were comparable, because minimal lesions are considerably 
larger than “early” lesions. Moreover, in no instance at Trudeau did the 
patients receive strict bed-rest; in fact Brown and Heise (3) gave a group of 
selected patients more rest than was usually prescribed at Trudeau and found 
that it did not materially affect the progress of the disease. There is apparently 


1 From the New York State Hospital for Incipient Tuberculosis, Ray Brook, New York. 
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a marked difference in behavior between the minimal and the “early” lesion in 
that ample statistical data are available to show that minimal lesions in most 
instances do not “‘progress and undergo excavation if not promptly and properly 
treated’”’ as claimed for the “early” lesion. It would seem therefore that the 
relatively small “‘early” lesion is a more dangerous form of the disease, but no 
pathological evidence on the subject was found after a careful search of the 
literature. On the other hand, it has been amply confirmed at necropsy that 
lesions located in the upper part of the lung have a marked tendency to heal. 

We have not been impressed by the potential dangers of the “early” lesion 
from observations made from time to time over a period of years. However, it 
seemed advisable in view of Amberson’s conclusions to make a more careful 
study of the subject. The present paper deals with a series of 67 patients ob- 
served by us who presented an “early” lesion, as described by Amberson, in that 
it was generally located in the upper portion of the lung and cast a shadow on 
the X-ray film, soft in appearance, and usually not exceeding an aggregate of 
3 cm. in diameter. The disease was less than one year old, and in 23 instances 
the lesion was six months old or less, as determined by serial X-ray films. In 
this series of 67 patients there were 27 men and 40 women and the ages ranged 
between 16 and 54. The average age for the entire group was 23 years. Forty- 
five of the patients, 17 men and 28 women, were between the ages of 16 and 24 
inclusive; the remaining 22 were 25 years old or more. In no instance did the 
patients receive strict bed-rest; they were ambulant from the time the disease 
was discovered, throughout their stay at the Sanatorium and subsequently, 
covering an entire period averaging thirty months. At Ray Brook ambulant 
patients cure out-of-doors and are on regulated exercise during stated hours of 
the day. In this group of patients there were not a few who were working up 
to the time of their admission to the Sanatorium and resumed work shortly after 
their discharge. 

In this series of 67 ambulant patients, the result was favorable in 57 (85 per 
cent). While slight extensions of the disease were noted at times, particularly 
during the initial months, these extensions retrogressed, and at the final examina- 
tion the lesion had remained the same in size, had retrogressed or had resolved, 
insofar as could be determined by X-ray evidence. Among the 67 patients the 
result was questionable in 2, and unfavorable in 8 in that the lesion had become 
appreciably larger. However, it is significant that the disease did not become 
wide-spread in a single instance during this period of observation averaging 
thirty months. 

The number of patients included in the present study is too small to warrant 
a definite conclusion, yet the results of treatment here reported in ambulant 
patients are comparable to those obtained by Amberson by the use of strict 
bed-rest. 

Strict bed-rest is also widely employed in the treatment of incipient or minimal 
tuberculosis and, in order further to appraise the measure, an additional study 
was made of a series of 360 patients with incipient disease admitted to Ray Brook 
during the years 1939 to 1942, inclusive. Under the term incipient or minimal 
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the lesion may vary considerably in size, which in turn has a direct bearing on the 
results of treatment. For this reason we subdivided the incipient lesions into 
three groups: A representing a lesion or lesions casting a shadow on the X-ray 
film the sum total of which is not more than 3 cm. in diameter; B somewhat 
larger; and C still larger but conforming to the classification of minimal adopted 
by the National Tuberculosis Association. In this series of 360 patients where 
the age of the disease was undetermined, there were 97 who had received strict 
bed-rest for an average period of four months shortly before admission to the 


TABLE 1 
Results of treatment of 360 patients with incipient tuberculosis treated at Ray Brook, 1989-1942 


97 PATIENTS WHO HAD RECEIVED 263 PATIENTS WHO HAD NOT 
STRICT BED-REST RECEIVED STRICT BED-REST 


Number Per cent Number Per cent 


61. 
38. 


8 
2 


Classification on discharge: 
Arrested 
Apparently arrested. .............. 
Active or quiescent 


Sanatorium, and 263 who had not received this form of treatment but were 
ambulant or even working up to the time of their admission. The average age 
of the patients in both groups was 25 years and the range between 15 and 48 
years. In both groups, the nutrition of the patient in general was satisfactory 
and the symptoms for the most part were mild or absent. The disease, with 
few exceptions, was located in the upper part of the lung and the appearance of 
the roentgenographic shadow cast by the lesion (soft, mixed or hard) was com- 
parable in the two groups. Tubercle bacilli were found in the sputum by smear, 
by the concentration method or by culture in approximately 46 per cent of the 
patients who had received bed-rest, and in 42 per cent of those who had not 


1 
Sex: 
Extent of lesions: 
Type of shadow: 
Tubercle bacilli: 
45 46.4 111 42.2 
69 | 210 79.8 
12 12.4 31 11.8 
16 16.5 22 8.4 
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received this treatment. The large majority of the 360 patients in this series 
were ambulant during their period of treatment at the Sanatorium but in no 
instance was strict bed-rest instituted even in the presence of manifest symptoms. 
The average period of sanatorium treatment for the two groups was approxi- 
mately the same—slightly more than seven months. 

Table 1 shows that the sex of the patients, the extent of the lesions, and the 
type of the X-ray shadows were practically the same in the 97 patients who 
received strict bed-rest previous to admission and in the 263 remaining patients 
who did not. It is also to be noted that the results of treatment in the two 
groups are strikingly similar, indicating that the preliminary months of strict 
bed-rest did not influence the course of the disease during the period of treatment 
at Ray Brook. 


DISCUSSION 


For many years the chief argument for rest in pulmonary tuberculosis has been 
the success attending immobilization of tuberculous joints. Strict or flat bed- 
rest (the latter being a more rigid form of the treatment) attempts to immobilize 
the lung insofar as it is practical todo so. Recently this view has been expressed 
in literature for the laity. For example: “We cannot put the lung in a splint, 
but we can reduce its work enormously by rest’’ (4) and ‘“‘When one has tubercu- 
losis, whether an early or a more advanced case, the only thing to do is to put 
one’s self in a sling.” (5) Yet the indications for and the expected results from 
immobilization are not the same in the two conditions. For instance, the dis- 
eased surfaces of the knee joint are subjected to marked friction and compression. 
The elimination of these two harmful factors by immobilization explains in large 
measure the successful results. On the other hand, the pulmonary lesion is not 
subjected to friction or compression. The only physical agent acting on the 
lesion is the tension resulting from expansion of the healthy parts of the lung. 
The degree of tension is usually estimated by the extent of the movement of the 
lesion. On deep breathing the movement observed fluoroscopically is consider- 
able and some observers believe that the resulting tension is sufficient to produce 
a loss of integrity of the wall of the tubercle. It is debatable, however, whether 
the tension increases proportionately with the movement. For instance, the 
movement of a lesion located in the lower part of the lung is much greater than 
in the upper, and the extent and direction of its movement at any given point 
in the lung is modified by the type of breathing, that is, abdominal or thoracic 
(6, 7). Consequently, the degree of tension exercised on the lesion would vary 
markedly according to its location in the lung and the type of breating. Such 
a view is not supported by valid observations. It seems reasonable to assume 
that the lesion moves with the lung and that movement per se does not indicate 
the degree of tension on the lesion. Some years ago, Dr. Irving Langmuir dis- 
cussed with the staff at Ray Brook possible means for determining the degree of 
tension exercised on the lesion by the expanding lung, but no suitable procedure 
was found to solve the problem. However, some light was thrown on the subject 
by experiments conducted by my associate, Dr. Howard Dayman, at Ray Brook. 
Tuberculous lungs of guinea pigs were ruptured by overinflation either in situ or 
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after removal. It was found that the point of rupture occurred in the healthy 
parts of the lung, usually distal to the terminal bronchus. There was no evidence 
of a tear in the wall of the tubercles, all of which were recent and progressive. 
In view of these experiments, the often expressed opinion that deep breathing 
may tear the wall of the tubercle is open to question. 

In collapse therapy, the contralateral lung not infrequently presents lesions, 
some smaller, others larger, than the “early” lesion, and they may be less than 
one year old as determined by serial X-ray films. These recent lesions are sub- 
jected to the additional function imposed on the contralateral lung. Yet, not- 
withstanding, it is agreed that such lesions usually are not activated, but, infact, 
often undergo resolution, partial or complete. It is to be noted that these favor- 
able results occur despite the fact that strict or flat bed-rest is generally not 
instituted in collapse therapy. 

The bronchi cannot be immobilized for they are subjected to marked changes 
in length and calibre incident to respiration. Yet it is well-known that 
tuberculous lesions of these structures show a definite tendency to heal (8). This 
observation alone should cast some doubt on the influence of immobilization 
in the treatment of pulmonary tuberculosis. 

There are certain hazards attending the use of strict or flat bedrest for patients 
in good nutrition and free from symptoms or practically so. The enforced curtail- 
ment of physical activities is followed by marked loss of muscular tone, dis- 
turbance of the physiological processes of the body and accentuation of the fears 
of the patient consequent to the disease. It is not reasonable to expect that the 
resistance of the patient to the disease will be fortified at the same time that he 
is being undermined physically and emotionally. The asymptomatic patient 
with incipient disease on admission to Ray Brook is under close medical super- 
vision for a period of two weeks; he rests in bed but is allowed bathroom privi- 
leges and goes to the dining room for his meals. He then takes the cure on an 
open porch for several weeks, after which he is placed ongraduated exercise out- 
of-doors for specified periods ranging from five minutes to two hours daily. He 
is also assigned certain cure tasks which require from five minutes to one hour 
daily for their completion. Subsequently, opportunity in vocational training 
is available and represents the final phase in the rehabilitation of the patient. 
The period of sanatorium treatment for these asymptomatic patients ranges 
from seven to nine months. If the patient develops manifest symptoms he is 
placed in bed, but even here the personality of the patient is kept in mind and 
the measure is not carried to such extremes as to prove harmful. 

Trudeau believed that his patients should lead as normal a life as possible 
within the limitations imposed by their disease, and this has been the guiding 
principle in the treatment of patients at Trudeau and at Ray Brook since these 
institutions were founded many years ago. 


SUMMARY 


There can be no question that rest in bed is essential in the treatment of 
pulmonary tuberculosis when manifest symptoms are present. Opinion is 
divided, however, regarding the practice employed in recent years of strict bed- 
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rest for tuberculous patients who are in good nutrition and free from symptoms 
or practically so. Patients on strict bed-rest are enjoined to remain quiet, and 
bathroom privileges are not permitted. Flat bed-rest is a more rigid form of 
the treatment, and even the asymptomatic patient at times may not be allowed to 
feed himself. The published results achieved by this form of treatment, how- 
ever, are few in number and, to my mind, not convincing. A series of 67 ambu- 
lant patients was observed by us who presented an “early’’ lesion—early in the 
sense that it was less than one year old as determined by serial roentgenograms, 
and cast a shadow on the X-ray film, soft in appearance and usually not exceed- 
ing an aggregate of 3 cm. in diameter. In this series of 67 ambulant patients the 
results were favorable in 57 instances (85 per cent), questionable in 2 and un- 
favorable in the remaining 8. Although the number of patients included in this 
study is too small to warrant a definite conclusion, yet the results of treatment 
here reported in patients who at no time received strict bed-rest are comparable 
to those obtained by the use of strict bed-rest. 

An additional study was made of 360 patients with incipient disease admitted 
to Ray Brook during the years 1939 to 1942, inclusive; 97 patients in this group 
had received approximately four months of strict bed-rest before coming to Ray 
Brook. The remaining 263 were ambulant previous to and during their residence 
at the Sanatorium except in a relatively few instances where an exacerbation of 
the disease occurred subsequent to their admission. The results of treatment 
in these two groups of patients who received approximately the same period of 
treatment at Ray Brook were for all practical purposes identical, indicating 
thereby that the initial months of treatment by strict bed-rest did not appreciably 
alter the course of the disease. 

The physiological processes are disturbed in asymptomatic patients who are 
treated by strict bed-rest, and there is marked loss of muscular tone. It is not 
reasonable to expect that the resistance of the patient to disease will be fortified 
at the same time that he is being undermined physically and emotionally. 


SUMARIO 


No cabe duda de que el descanso en cama es indispensable en el tratamiento 
de la tuberculosis pulmonar cuando existen sintomas manifiestos; pero hay dis- 
crepancia de opiniones acerca de la costumbre establecida en los tltimos afios de 
imponer el encamamiento absoluto a tuberculosos bien nutridos y total o practica- 
mente asintomaticos. A los enfermos, a los que se le ordena reposo en cama, se 
les hace permanecer quietos sin permitirseles ir al bafio. El reposo en dectibito 
supino constituye una forma mas rigida del mismo tratamiento, y a veces no se 
permite ni al asintomatico que se alimenta a si propio. Sin embargo pocas son 
las observaciones publicadas acerca de este tratamiento, y al parecer del A. no 
resultan convincentes. El A. observé una serie de 67 enfermos ambulantes que 
presentaban una lesién “temprana”’: temprana en el sentido de que tenia menos 
de un afio segtin se determiné con roentgenogramas seriados, y que lanzaban una 
sombra de aspecto blando en la pelicula y por lo general de no mas de 3 cm. de 
didmetro total. En esta serie de 67 casos ambulantes el resultado fué favorable 
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en 57 (85%), dudoso en 2 y desfavorable en los otros 8. Aunque ese ntimero de 
enfermos es insuficiente para justificar conclusiones bien definidas, tratandose 
de enfermos que jam4s habfan recibido encamamiento absoluto el resultado es 
comparable al conseguido con este tltimo. 

Hizose otro estudio de 360 casos incipientes recibidos en el Sanatorio Ray Brook 
de 1939 a 1942 inclusive; 97 de ellos habian recibido unos 4 meses de reposo abso- 
luto antes de ir al sanatorio. Los otros 263 eran ambulantes antes de llegar y 
durante su permanencia en el Sanatorio, salvo un grupo relativamente pequefio 
en que se exacerbé la enfermedad después del ingreso. En general fué idéntico 
el resultado del tratamiento en esos 2 grupos que fueron tratados aproximada- 
mente por el mismo tiempo en el Sanatorio, lo cual indica que los meses iniciales 
de tratamiento a base de reposo absoluto no afectaron mayor cosa la evolucién. 

El encamamiento absoluto trastorna los procesos fisiolédgicos en los enfermos 
asintomAticos y también acarrea pérdida decidida de la tonicidad muscular. No 
es légico esperar que se fortalezca la resistencia del enfermo a la enfermedad si a 
la vez se le socava fisica y afectivamente. 
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TUBERCULOSIS IN A TROPICAL NAVAL HOSPITAL! 
EMIL BOGEN? anp G. H. STRICKLAND* 


The success of the antituberculosis campaign in the United States has con- 
tributed greatly to our military strength. One of the serious handicaps of our 
enemy is the extent of tuberculosis among the Japanese. More Japanese have 
been killed since Pearl Harbor by the acid-fast bacillus than by all our armed 
forces. Their death rate from this cause is more than four times that of our own 
people. 

Strenuous efforts have been made to exclude tuberculous persons from entering 
the Navy. Photofluorographic examinations with 35 mm. films have been 
ordered for all, and most recent entrants have had the induction examination 
with the 4 x 5” film, often stereoscopic. Recognizing that some persons had 
escaped such initial examinations and that others may have become infected or 
developed clinical disease since, the Navy has ordered an X-ray examination 
of all personnel who have not had such a film within the past year. Such ex- 
amination is to be repeated annually on all men under 30 years of age and on all 
persons at the time of discharge from the service unless such examination has 
been made during the previous six months. 


INCIDENCE OF TUBERCULOSIS IN NAVAL PERSONNEL 


Despite efforts made to prevent it by excluding affected recruits, detecting 
disease as it develops in naval personnel and separating diseased persons from 
the service as expeditiously as possible, tuberculosis remains a serious source 
of disease, death and disability. In recent years it has accounted for more than 
5 per cent of all deaths from disease and more than 5 per cent of all invaliding 
from the naval service. 

In one hospital in the Southwest Pacific, we have seen more than 50 in- 
stances of active pulmonary tuberculosis in five months. Among our patients, 
this one disease has cost the Navy more men, permanently, than have malaria, 
dysentery and the venereal diseases combined. 

In addition to the 50 cases definitely diagnosed, there were more than twice 
this number in whom tuberculosis was suspected but in whom the positive diag- 
nosis could not be established with the time and facilities at our disposal. Thus 
Navy doctors have been looking for tuberculosis, but some of our cases, though 
far advanced, were recognized only after they had been admitted under some 
other diagnosis. 


1 The opinions or assertions contained herein are the private ones of the writers and are 
not to be construed as official or as reflecting the views of the Navy Department or the Naval 


Service at large. 
? Commander, M.C., U.S.N.R., U. S. Naval Base Hospital No. 15, Navy 3205, % Fleet 


Post Office, San Francisco, California. 
3 Lieutenant, M. C., U.S.N.R. 


490 


{ 


TUBERCULOSIS IN NAVAL HOSPITAL 


INFECTION 


The majority of our tuberculous patients were under 25 years of age, though 
the oldest was nearly 40. The value of the tuberculin test in this age group is 
still inadequately recognized. The tradition of the ubiquity of tuberculous 
infection dies hard, and the fact that the majority of the young white population 
have never been infected is not generally appreciated. Recent college freshman 
examinations in the United States showed that only 18 per cent had positive 
tuberculin tests. 

Tuberculin tests on a group of hospital corpsmen showed only 20 per cent 
positive, and even on a medical ward with an average age of nearly 30 more than 
half of the patients were negative. Some of our tuberculous patients reported 
having had negative tuberculin tests prior to entering the service. In suspects 
in whom the diagnosis was not confirmed, negative tuberculin tests were useful 
in ruling out the disease, while positive tests, though not diagnostic, were of 
value in the interpretation of X-ray films and other data. A wider use of the 
tuberculin test, in large groups of personnel as well as in individual suspects, 
is desirable. 

Most of these cases of tuberculosis had developed long after the patient had 
entered the naval service. Only 4 of our cases had been in the Navy for less 
than a year, and less than a third of them for less than two years. The lower 
incidence in recent recruits may have been due partly to the more searching 
examinations recently given, and partly to the time required between infection 
and detectable disease in those infected after entering the service. 

Most of our patients claimed to have felt perfectly well until only a short 
time before admission. More than a year had generally elapsed after entering 
the naval service before the first symptoms of tuberculosis were noted. Their 
health records rarely suggested that they may have had previously diagnosed 
or suggested clinical disease. Initial X-ray films were almost always negative, 
and only a few had had any positive X-ray findings previous to the present illness. 


EXPOSURE 


A family history of exposure to tuberculosis was obtained in half a dozen 
instances, but in most cases this was too remote to be given much weight, as 
for example in the 30 year old seaman who had been only two weeks old when 
his father died of tuberculosis. Exposure to a tuberculous shipmate while 
in the Navy was reported by an equal number of patients, but it was not always 
clear whether the shipmate was the source, or one of the victims infected by 
the present case. That men confined to a naval vessel which carries a crewman 
suffering from unsuspected active tuberculosis are particularly apt to become 
infected and develop the disease has been repeatedly observed, both here and 
elsewhere. 

Several instances of tuberculosis in hospital apprentices, pharmacist mates 
and medical officers point to the special danger for hospital personnel of exposure 
to the unrecognized open case of tuberculosis, and the need for adequate pre- 
ventive technique on all hospital admissions until negative tuberculin tests or 
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X-ray examinations have been obtained. Precautions in the care of known 
tuberculosis cases should be insisted upon as in all communicable diseases. 


CLINICAL FINDINGS 


The disease was usually recognized much too late in these men. Most of 
them had frank and rather characteristic symptoms of consumption in an acute 
stage, with fever, usually definite though not high, cough, expectoration, loss 
of weight and weakness. Many also complained of pleurisy or chest pain, 
hemoptysis, night sweats, excessive fatigability, and occasionally nausea, 
vomiting, anorexia, headache and frequent ‘‘colds.” 

When these patients were relieved from the strenuous exertions of active 
naval duty which most of them had been performing up to just before admission, 
and were put on incomplete rest treatment in our medical wards, the symptoms 
often promptly ameliorated, though cough and expectoration might not disap- 
pear. A few cases were picked up on routine examinations or with the help 
of incidental X-ray examinations in the absence of any presenting symptoms. 

Physical findings were often marked. Impaired percussion note was not 
noted as often as in the more chronic cases, and breath and voice sounds and 
vocal fremitus were recorded as abnormal in about half of the cases. Rales, 
however, especially the posttussic variety, were noted in most of these cases. 

Laboratory findings were also generally consistent with the clinical picture. 
An accelerated sedimentation rate was found in all of the cases with positive 
sputum. Only simple sputum smears were done, but more than three-fourths 
of the patients showed acid-fast bacilli. If cultures or animal inoculation of 
twenty-four hour specimens or gastric lavage were more frequently done, a 
higher number of positive findings might be anticipated. A moderate leuco- 
cytosis was usual, but marked shift to the left,or a rise in mononuclear cells was 
only occasionally noted. 

The X-ray findings in these patients were, as usual, more extensive than would 
be indicated by the history or physical findings. The majority showed wide- 
spread ill defined soft densities in the upper and middle lung fields. Infiltration 
and exudation were common, while fibrosis or destructive lesions with cavitation 
were uncommon. When cavities were present they were generally ill defined 
and moth-eaten, though an occasional thin-walled round cavity wasseen. Few 
of these patients showed hilar or parenchymal primary calcification. More 
often it appeared that the infection had developed before calcification of the 
primary infection had had time to develop. Some of the lesions may have 
resulted from progression, perhaps after temporary remission, of the primary 
lesion itself. The few serial films available for the same patient at relatively 
short intervals showed a marked lability of the lesions, either as clearing or 
progression, though this was sometimes exaggerated or concealed by differences 
in roentgenographic technique. 


THE TROPICS 


There is a wide-spread impression that tuberculosis is more acute or malignant 
in the tropics. This idea probably arose from the rapid course and high fatality 
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of the disease among many native populations of tropical countries. Whatever 
may be the relative réle of native susceptibility to tuberculosis among primitive 
peoples, the infrequency of childhood exposure and the greater virulence of 
adult infections in such “virgin soil” and the many factors affecting infection 
and resistance among them, it seems highly doubtful that any meteorological 
factors are here concerned. 

The Eskimos of Alaska and the Lapps of Finland present the same acute 
and fatal tuberculosis picture seen in the Senegambians from West Africa and 
the Tahitians of the South Pacific. The toll of tuberculosis among Negroes in 
northern cities shows that their high rates in Africa and our south are not cli- 
matic effects. 

From the time of Hippocrates, warm climates have been considered favorable 
for tuberculosis. The Riviera, Italy and Egypt, California and the great South- 
western desert have been celebrated as places beneficial for tuberculous patients. 
Saranac Lake is the outstanding exception and even there the abundant use of 
blankets, hot pigs and other artificial devices keep the patient warm most of 
the time. The lessened symptoms and mortality from tuberculosis in the sum- 
mer-time and the retardation of tuberculosis in experimental animals by warmth 
indicate that actually the tropics should afford the ideal conditions for recovery 
from tuberculosis. 

Although our hospital is located only a few degrees from the Equator, it is 
not believed that this has had any effect on the incidence or type of tuberculosis 
we are seeing. Less than 10 per cent of the natives tested here have shown 
positive tuberculin reactions and only a few instances of pulmonary tuberculosis 
have been described among them. One of our own patients reported that his 
symptoms had developed while he was in the Aleutians, another in France 
and many while on the high seas. 

Repeated exposure to heavy infection, especially in subjects who have not 
had the benefit of previous small, avirulent or dead immunizing infections, 
crowding in inadequate living space and lack of sanitary provisions and ventila- 
tion, food deficiencies, both quantitative and qualitative, and especially the 
performance of strenuous physical exertion after the onset of the infection, and 
stoical disregard for early symptoms would rather seem to be incriminated than 
the tropical climate. 

Tuberculosis is always a dangerous disease. In the Navy it has exceptional 
significance because of the unavoidable close quarters of existence, the importance 
of continuous physical fitness and the rich resources available for its control 
by exclusion, prevention, detection and care. Every effort should be made to 
take advantage of this opportunity. 


SUMMARY 


Despite its admirable antituberculosis control program, the Navy still suffers 
from cases of this disease. Fifty instances in one tropical Naval hospital are 
analyzed. Most of them are young adults, who apparently had only recently 
become infected and developed clinical disease. The lesions were chiefly in- 
filtrative and exudative, were highly labile and showed a rapid symptomatic 
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response to rest treatment. The tropical climate did not appear to present 
additional hazard to thse patients. 


SUMARIO 


A pesar de su admirable plan de lucha antituberculosa la Marina de Estados 
Unidos todavia tiene casos de la enfermedad. Analizdnse 50 casos de un hospital 
naval en los trépicos. La mayoria son jévenes que aparentemente se han in- 
fectado recientemente manifestando enfermedad clinica. Las lesiones fueron 
principalmente infiltrantes y exudantes, muy labiles y revelaron una rdpida 
respuesta sintomatica al tratamiento del reposo. El clima tropical al parecer 
no creé nuevos riesgos para estos enfermos. 
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END RESULTS OF ARTIFICIAL PNEUMOTHORAX! 
A Review of 140 Cases Two Years after Reéxpansion 


I. V. ALLEN anp C. W. KELLY 


This report includes all of the unilateral cases (128) and bilateral cases (12) 
discontinued at the Saint John Tuberculosis Hospital during a four-year period, 
1939 to 1942 inclusive. No cases in whom pneumothorax was unsuccessfully 
attempted and no cases in whom pneumothorax was discontinued as ineffective 
within a three-month period, as suggested by Peters et al. (1), are included. 

The unilateral and bilateral cases were considered separately, but the criteria 
for appraisal were the same, namely the standards recommended by Bloch, 
Tucker and Adams (2): ‘‘(1) Restoration of the lung to its physiologic function, 
i.e., complete reéxpansion;? (2) adequate roentgenologic evidence of healing 
of the tuberculous involvement, especially of the disappearance of cavities; 
(3) return of the patient to normal life, with (4) persistent absence of tubercle 
bacilli in the sputum; (5) persistent absence of all symptoms of activity, and (6) 
complete disappearance of all extrapulmonary complications. Only after at 
least two years of satisfactory application of these criteria should a patient be con- 
sidered as cured by the treatment.” 

All of the cases that fulfilled the above requirements were grouped under 
“satisfactory” results and the remainder under “unsatisfactory” or “dead.” 

Studying these results, an attempt was then made to determine what factors 
influenced the result in each case. 

The unilateral cases were classified according to the extent of disease, using 
the National Tuberculosis Association standards, and the results are shown in 
table 1. 

In the complete series of 128 cases, 72, or 56.3 per cent, are satisfactory, 47, 
or 36.7 per cent, are unsatisfactory and 9, or 7 per cent, are dead. Of the 9 
dead, 6 or 4.7 per cent, died of tuberculosis. 

Of the 72 satisfactory cases, 12 required intrapleural pneumonolysis before 
adequate collapse was obtained, 7 cases had phrenicotomy before or at the time 
of termination of pneumothorax and 3 had a contralateral thoracoplasty per- 
formed for apical cavities which antedated or were present at the time of diag- 
nosis of disease on the side on which pneumothorax was instituted. 

Of the 47 unsatisfactory cases, there were 22 cases definitely improved by the 
treatment, 22 cases unimproved and 3 in whom insufficient information was 
obtained. 

Of the 22 cases improved by pneumothorax therapy, 12 were placed in the 
unsatisfactory group, due to X-ray evidence only, 4 because of contralateral 
flares, the original lesion appearing healed two years after reéxpansion, and 6 
because of persistent fluid, but all of these had sputum conversion. 


1 From Saint John Tuberculosis Hospital, East Saint John, N. B., Canada. 
? Complete reéxpansion, as defined by Bloch in a private communication, is complete re- 
absorption of air from the pleural cavity and the obliteration of the pleural space. 
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Of the 22 cases unimproved by pneumothorax therapy, 12 had inadequate 
collapse due to massive pleural adhesions, and at present our impression is that 
pneumothorax should have been discontinued sooner and thoracoplasty sub- 
stituted, at least in those cases having cavity in the upper lung fields. In 
1934 Coryllos (3) expressed his opinions on the respective indications for pneu- 
mothorax and thoracoplasty with special emphasis on the limitation of pneu- 
mothorax therapy as compared to thoracoplasty. We consider his warnings 
well advised. Of the remaining 10 in the unimproved group, 4 were unhealed 
after reéxpansion, 3 had contralateral cavities, one a contralateral flare and 2 
developed tuberculous empyema. 


TABLE 1 
Results of terminated cases two years after reéxpansion of lung 


MODERATELY 
MINIMAL ADVANCED FAR ADVANCED TOTAL 


Number of Per cont Number of on Number of Der cont Number of 


cases cases cases cases Per cent 


12 . 26 53. 34 54.0 7 56.3 
4 ‘ 20 40. 23 36.5 47 36.7 
0 ° 3 6. 6 9.5 9 7.0 


16 . 49 38. 63 49.2 128 100.0 


TABLE 2 
Relation of duration of collapse to end results in 128 cases 


UNDER 1 


YEAR 1-2 YEARS | 2-3 YEARS | 3-4 YEARS | 4-5 YEARS 


5 10 11 10 18 
17 8 11 5 2 
3 1 0 2 1 


Of the 47 unsatisfactory results, 12 were finally made satisfactory by thoraco- 
plasty, one by thoracoplasty and lobectomy. 

A comparison of the duration of pneumothorax therapy with end results 
was then made, grouping the cases in six time divisions, from under one year to 
over five years, in table 2. 

If all the cases receiving pneumothorax for less than three years are added 
together and compared with all those receiving pneumothorax for more than 
three years, a definite variation in results is obtained. In the satisfactory group, 
26 cases received pneumothorax less than three years and 46 cases received 
pneumothorax more than three years. In the unsatisfactory group, 36 cases 
received pneumothorax less than three years and 11 cases received pneumothorax 
more than three years. This difference seems significant. 

The cases having positive or negative sputum, on direct smear only, before 
the initial pneumothorax, were listed and it was discovered that, of 83 with 
positive sputum, 44 were finally satisfactory and 39 unsatisfactory or dead. Of 
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the 45 patients with negative sputum, 28 were satisfactory and 17 unsatisfactory 
ordead. As the determination of the presence of tubercle bacilli was made only 
on direct smear previous to therapy, whereas, at the end of therapy, the usual 
procedure was to have a six weeks’ culture on a seven-day concentrated specimen, 
the original reports are not on a comparable basis. 

A review of the chest roentgenograms showed that, of 68 cases having evidence 
of cavity, 38 were satisfactory results and 30 unsatisfactory or dead. Of 60 
cases Showing no evidence of cavity, 34 were satisfactory and 26 unsatisfactory 
or dead. 

All groups received similar strict bed-rest for an average period of at least 
six months after initiation of pneumothorax and remained in hospital for an 
average period of slightly more than one year. 

All the reports of fluoroscopic examinations before and after refills, and all 
the roentgenograms were grouped according to the degree of collapse which was 
usually present on quiet breathing. The degree of collapse was divided into 


TABLE 3 
Relation of fluid formation during therapy to end results in 128 cases 


NUMBER OF CASES WITH FLUID NUMBER OF CASES WITHOUT FLUID 


Minimal | “ately” | Total | Minimal | Total 
advanced | #¢vance advanced 


10 15 33 


16 19 


8 4 39 
2 8 17 27 2 12 6 20 
0 0 6 


2 1 3 1 5 


less than 50 per cent, 50 per cent and greater than 50 per cent; and it was found 
that of all the satisfactory cases, 73 per cent had been maintained with a collapse 
of 50 or more per cent. However, our impression was that the most important 
factor in collapse was whether the collapse was selective and effective, or con- 
traselective and ineffective, as described by Mason (4). 

In an attempt to maintain an effective collapse, the manometric pressure 
readings varied in different cases from positive to negative, but our usual practice 
has been to maintain a final mean pressure of slightly less than atmospheric, 
even though this necessitated more frequent refills. 

All the chest roentgenograms for each patient were then reéxamined and all 
the fluoroscopic reports reviewed to discover those cases showing any evidence 
of fluid at any time. Even those cases showing a small amount of fluid obscuring 
the costophrenic angle were included. The results are given in table 3. 

Of the 128 cases, 46.9 per cent developed clear fiuid, 28.3 per cent of these 
being febrile effusions, and 2.3 per cent developed empyema, giving a total of 
63 patients, or 49.2 per cent, having fluid at some time. Although our series 
is small in number, the number of cases developing empyema compares very 
favorably with those cases reported by Miller e¢ al. (5) and with the reported 
cases and compiled statistics of Weisman (6). 

Of the 2.3 per cent, or 3 cases, which developed empyema, one was a tubercu- 
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lous empyema occurring in a patient while at bed-rest in hospital and one was a 
tuberculous empyema occurring in a patient having persistent fluid for two 
years before returning to hospital. The third case was a staphylococcal empy- 
ema which developed while the patient was receiving refills from his private 
physician. Aycock (7) reports that the hazard of such complications as pleural 
effusion and spontaneous pneumothorax exists so long as a pneumothorax space 
is present. From our experience pleural effusion is the most feared complication. 
A recognized spontaneous pneumothorax did not occur in any case in this series. 

The next appraisal was a critical inspection of our judgment to determine 
whether the cases, that had been terminated because duration of therapy was 
considered adequate, were satisfactory or unsatisfactory two years after pneu- 
mothorax was discontinued. After careful consideration they were finally 
grouped in table 4 under “Intentional” and “Unintentional,” according to 
Peters et al. (1). 

‘Intentional,’ 103 cases, included all those in whom the refills were discon- 
tinued on our advice. ‘Unintentional,’ 25 cases, included 20 in whom the 


TABLE 4 
Relation of intentional and unintentional termination of collapse to end results in 128 cases 


TERMINATION INTENTIONAL TERMINATION UNINTENTIONAL 


ately Minima ately ‘ota 
edvanced advanced Advanced 


22 30 4 4 4 12 
16 17 4 6 11 
1 6 0 2 0 2 


pneumothorax space was lost due to progressive obliterative pleuritis and 5 in 
whom pneumothorax was abandoned by the patient. 

Referring to table 4, it is noted that, of the 103 cases intentionally terminated, 
60 belonged in the satisfactory group, 36 in the unsatisfactory and 7 were dead. 
Of the 60 in the satisfactory group, 50 were discontinued because the duration of 
therapy was considered adequate, 3 were discontinued because the collapse 
had become contraselective, 3 were discontinued after phrenicotomy, 3 because 
of febrile effusion and one because of staphylococcal empyema, accompanied 
by parietal and visceral pleuritis. 

Of the 36 in the unsatisfactory group, 11 were discontinued because the dura- 
tion of therapy was considered adequate, 8 because of persistent clear fluid 
following a febrile effusion, 2 because of tuberculous empyema, 11 because the 
disease was uncontrolled by pneumothorax and 4 because of contralateral flares. 

Of the 11 unsatisfactory cases in whom duration was considered adequate, 
5 cases were considered unsatisfactory because of X-ray evidence only. These 
5 are well and working and have negative sputum. One case showed a new area 
of disease two years after reéxpansion, during the time when he was undergoing 
maior abdominal surgery. Two cases showed evidence of unhealed disease two 
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years after reéxpansion. One case has a satisfactory chest X-ray appearance 
and has had sputum conversion, but has marked fatigue and feels unable to work. 
One case is reported as well and working, with negative sputum, but has refused 
to return for chest roentgenograms, and one case had incomplete reéxpansion of 
the lung following six years of pneumothorax therapy which caused a large 
cavity to disappear and made him sputum-negative. He had persistent clear 
fluid with tubercle bacilli present on culture. 

Of the 7 in the dead group, 2 were discontinued because duration of therapy 
was considered adequate, 2 were discontinued because of progressive bilateral 
disease, 2 because of contralateral flares and one because of a febrile effusion. 

Of the 2 dead cases in whom duration was considered adequate, one received 
pneumothorax for 7.5 years, then developed a contralateral flare and died at home 
of progressive disease. The other received pneumothorax for five years, the 
pulmonary lesion appearing healed at the time of his death, from carcinoma of 
the sigmoid colon. 


TABLE 5 
Results in 12 bilateral cases two years after reéxrpansion 


MODERATELY 


ADVANCED FAR ADVANCED 


MINIMAL 
PER CENT 


Number of Number of Number of 
cases cases cases 


2 25 


Satisfactory 0 


1 
Unsatisfactory 0 4 2 50 
0 


0 3 25 


Referring again to table 4, it is noted that, of the 25 cases unintentionally 
terminated, 12 belonged in the satisfactory group, 11 in the unsatisfactory 
group and 2 were dead. 

Of the 12 in the satisfactory group, 2 were discontinued by the patient after 
two years of collapse therapy and 10 developed obliterative pleuritis after an 
average duration of collapse therapy of 1.4 years for the group. This duration 
is much less than would be considered adequate, but produced satisfactory 
results two years afterwards. This observation with some discussion as to the 
reasons has already been reported by Eglee and Jones (8). 

Of the 11 in the unsatisfactory group, 2 were discontinued by the patient after 
two years of collapse therapy and 9 developed obliterative pleuritis after an 
average duration of collapse therapy of 1.2 years for the group. 

Of the 2 in the dead group, one was discontinued by the patient after 1.25 
years and was later reported as lost at sea due to enemy action. The other case 
developed obliterative pleuritis and died of coronary thrombosis following a 
second stage of thoracoplasty. 

The 12 bilateral cases were also classified according to the extent of disease, 
and the results are shown in table 5. 

Although the same methods of study were applied to this group the small 
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number of cases does not justify a detailed report in this paper. All the 12 
cases had positive sputum previous to collapse therapy and all cases had strict 
bed-rest for more than six months after each initial pneumothorax. The satis- 
factory group were perfectly coédperative throughout and developed no pleural 
complications. One of these had an intrapleural pneumonolysis for a string 
ashesion. These 3 cases were under ideal working conditions, while they 
were receiving simultaneous pneumothorax therapy, being employed on part- 
time duty and later full-time duty at the hospital. 

Of the 6 unsatisfactory cases, one is so categorized on X-ray evidence only 
and has had a confinement without showing any exacerbation of disease six 
months later. Another has been salvaged by thoracoplasty, and in critical 
retrospect we think should preferably have been treated by thoracoplasty 
or lobectomy when the disease was first discovered to be a unilateral upper 
lobe tuberculous cavity 

The 3 cases in the dead group all died of tuberculosis, 2 of them suffering 
severe respiratory distress for many months from a bilateral fibrothorax, which 
developed after febrile effusions. 


CONCLUSIONS 


Artificial pneumothorax is one of the established methods used to arrest 
and sometimes apparently cure this preventable disease. 

In order to obtain a good result, the codperation of the patient is essential; 
adequate bed-rest is necessary as well as aseptic technique on the part of the 
operator and close supervision during the entire course of therapy by a specially 
trained and conscientious physician. 

A skilled surgeon to perform intrapleural pneumonolysis, when indicated, 
should be available. 

Pneumothorax should be considered as only one of the available surgical 
procedures to achieve the final objective which is an apparently cured patient. 

The formation of fluid is a serious complication and, if persistent, is an in- 
dication for revaluation of the case and consideration of other surgical means for 
the control of the disease. 

Bilateral pneumothorax is very difficult to maintan satisfactorily. 


SUMMARY 


A review is presented of the end results two years after reéxpansion in 128 
unilateral and 12 bilateral cases of pneumothorax. 

Out of the 128 cases, 17 developed febrile effusions, 2 tuberculous empyema 
and one a staphylococcal empyema. 

In the group of 72 satisfactory cases, 12 had intrapleural pneumonolyses, 
7 had phrenicotomies and 3 had contralateral thoracoplasties. 

In the group of 47 unsatisfactory cases, 12 were apparently cured by thora- 
coplasty and one by thoracoplasty and lobectomy. 

In the series of 128 unilateral cases, 72, or 56.3 per cent, are satisfactory or 
cured; 47, or 36.7 per cent, are unsatisfactory, although 22, or 17 per cent, were 
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definitely improved; 9, or 7 per cent, are dead, 6, or 4.7 per cent, having died of 
tuberculosis. 

In the series of 12 bilateral cases, 3, or 25 per cent, are satisfactory or cured; 
4, or 50 per cent, are unsatisfactory; 3, or 25 per cent, are dead. 


SUMARIO 


Preséntase un repaso del resultado terminal a los dos afios de reexpandir el 
neumotérax en 128 casos unilaterales y 12 bilaterales. 

De los 128 casos, 17 manifestaron derrames febriles, 2 empiema tuberculoso 
y uno empiema estafilocécico. 

Del grupo de 72 casos satisfactorios, en 12 se habian practicado neumonolisis 
intrapleural, en 7 frenicotomias y en 3 toracoplastias contralaterales. 

Del grupo de 47 casos no satisfactorios, 12 se curaron aparentemente con la 
toracoplastia y uno con la toracoplastia y la lobectomia. 

De la serie de 128 unilaterales, 72 (56.3%) se encuentran en estado satisfac- 
torio o curados; y 47 (36.7%) no satisfactorios, aunque 22 (17%) mejoraron 
decididamente; 9, (7%) han muerto y 6 (4.7%) han muerto de tuberculosis. 

En la serie de 12 casos bilaterales 3 (25%) se encuentran en estado satisfactorio 
o curados; 6 (50%) no satisfactorio y 3 (25%) han muerto. 
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A SUCTION CABINET FOR USE IN CAVITY ASPIRATION (MONALDI) 
WARRINER WOODRUFF! 


Probably the most important mechanical factor in the successful treatment 
of tuberculous cavities by aspiration is a dependable source for providing con- 
stant negative pressure at a predetermined level. 

The more common sources for securing such pressure are: 


: Two water bottles with alternating and varying elevations. 

: The water pump. 

: A central source of negative pressure with pipes throughout the hospital. 
: An electric pump. 


Co ™ 


We have used all of these but have found the first two unsatisfactory. For 
several years we have been using an electric pump as the source of suction. 
With the aid of our cabinet maker, Mr. Robert Purvis, we have devised a fitted 
cabinet which has proved very satisfactory, a separate cabinet being used for 
each patient. It is large enough to act as a bedside table (figures 1 and 2). 


is 


Fic. 1. A photograph of the cabinet at the bedside. Note its height, the location of the 
switch, and the location of the gauge. 


1 Saranac Lake, New York. 
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Switch ARM 
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Fic. 2. Drawing of the arrangement of the contents of the cabinet as seen from behind. 
The motor is controlled by the switch arm from the switch ‘‘S” on the front of the cabinet. 
As air is removed from the system, pressure falls. The pressure is constantly shown on the 
aneroid manometer ‘“‘G.”’ The level to which it is possible for pressure to fall is limited by 
the depth the open tube ‘‘T”’ is placed below the mercury surface. ‘‘E’’ is simply the Erlen- 
meyer flask which serves as the collector. ‘H’’ is the hydrometer jar. A small bit of 
sponge rubber is placed at the bottom. On this the large test tube rests. Note that both 
of the short glass tubes through the stopper extend below and outside the mouth of the test 
tube. At the point “‘I’’ the rubber tubing is connected to a short length of copper tubing 
which goes through to the front of the cabinet. 
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It is efficient, safe and quiet. In the absence of a leak, either between the cavity 
and the bronchus or around the catheter, a negative pressure at a constant 
level may be maintained. All pressure variations in the system are registered 
by an aneroid manometer. 

The parts are standard units of medical and laboratory equipment and thus 
interchangeable. This fact simplifies repair and maintenance. The power 
is supplied by a Stedman suprapubic suction pump, which has an ideal motor 
for this work. The safety valve is provided by extending the end of an open 
glass tube into a reservoir of mercury. The pressure can be set at any pre- 
determined level by the depth to which the end of this tube is placed below the 
mercury surface. We usually insert it 1.5 cm. which gives a pressure of approxi- 
mately minus 20 cm. of water. We have made use of height in the hydrometer 
jar so as to minimize the possibility of aspirating mercury into the pump, this 
having been a complication in earlier models. 

Below is a list of the more important component parts and our source of supply: 


Catalog Number or Dealer 


Name Designation 


Stedman suprapubic suction American Cystoscope Makers, Inc. 
# 2590 1241 Lafayette Ave. (Bronx) 59 
New York, New York 
Aneroid manometer—gauge for 
Zavod Pneumothorax ap- 
paratus # 599.4 American Cystoscope Makers, Inc. 
Hydrometer jar # 6457, 14” tall x 2” 
diam. Will Corporation, Rochester, New 
York 
Test tube #16542, 300 x 38 
mm. Will Corporation 
Erlenmeyer flask 1,000 cc. 
Rubber stopper Size 8 
Rubber stopper Size 13} 
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ANATOMICAL STUDIES ON HUMAN TUBERCULOSIS! 


XX. Disseminated Calcified Small Nodular Hematogenous Pulmonary Tubercles, 
Incidentally Discovered 


KORNEL TERPLAN 


Comparatively few reports on the condition indicated in the title of this 
paper have appeared in the literature. It can be expected, however, that the 
large-scale X-ray examinations carried out in recent years on hundreds of thou- 
sands of soldiers and war workers, male and female, will furnish additional 
information on these findings, sometimes incorrectly referred to as “healed 
miliary tuberculosis.” 

Opie and Anderson (1) in a paper entitled First Infection with Tuberculosis by 
Way of the Lungs have shown roentgenograms of 2 lung specimens taken post- 
mortem (figure 4 on plate 2, and figure 6 on plate 3) with multiple calcified 
nodules in both lungs in the presence of calcification of bronchomediastinal 
lymph nodes and calcified tubercles in spleen and liver. These were incidental 
findings, one in a man twenty-six years of age who died from a recent syphilitic 
infection, the other in a thirty-six year old woman with staphylococcic septicemia 
as the cause of death. A few years later, in an editorial on the diagnosis of 
healed miliary tuberculosis, Opie (2) expressed the view that in the absence of 
old tubercles in abdominal organs, wide-spread multiple calcified nodules within 
the substance of the lungs may be the result of healed disseminated tuberculous 
bronchopneumonia rather than of acute miliary (hematogenous) tuberculosis. 
Although the anatomical findings in one of Opie’s cases, shown in figure 8 on 
plate 4, with no calcified lesions outside of the lungs and the bronchomediastinal 
lymph nodes, seemed to justify such a pathogenetic distinction in comparison 
with the findings in the 2 cases quoted above, the X-ray pictures of the calcified 
pulmonary nodules were similar in all 3 cases, showing fairly uniform distribution 
in all lobes. 

Whether or not the calcified tubercles shown in figure 6 in the paper by Stivel- 
man and Hennell (3) represent the result of hematogenous dissemination cannot 
be stated with certainty. The history of extensive pulmonary tuberculosis 
during adolescence in their case could point to intrabronchial dissemination, 
responsible for these lesions, rather than to hematogenous seeding. ‘The roent- 
genogram shows these bilateral calcified tubercles in more irregular distribution 
with some variations in their size. 

Baer (4) found in an eleven year old boy many calcified nodules scattered over 
both lung fields. There was a history of asthmatic attacks which had started 
in the wake of measles with catarrhal croup, at one year of age. For the last 
four years, however, these attacks occurred quite infrequently. The boy was 
in good health. While an intracutaneous tuberculin, dosage of 0.1 mg., gave a 
negative result, a subsequent reaction with 5 mg. was positive. 

1From the Department of Pathology, Medical School, University of Buffalo, and the 


Pathology Laboratories of the General Hospital and Children’s Hospital, Buffalo, New 
York. 
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A roentgenogram very similar to that in the case of Baer, picturing the lungs 
of a thirty-nine year old white male, is shown by Middleton (5). Middleton 
found the basal fields more markedly stippled than the apices. The lesions 
measured from 1 to 3 mm. 

Schuermann (6) called attention to isolated pulmonary foci in prolonged 
hematogenous generalization which, in his experience, were more apt to become 
caseated than bronchogenic lesions in chronic pulmonary tuberculosis. He did 
not see conspicuous aspiration tuberculosis from these hematogenous tuberculous 
nodules which frequently included smaller bronchi. Only very small foci, 
apparently due to aspiration in the lungs, were found by Schuermann, in con- 
trast to considerable intrabronchial extension in isolated pulmonary tuberculosis 
(phthisis). 

According to Simon (7), in some instances large nodular hematogenous tuber- 
cles might form in the course of primary tuberculosis. Although Simon believed 
that these hematogenous tubercles might eventually lead to cavernous disintegra- 
tion or to slowly progressive phthisis, he did find scattered calcified nodules in 
the lungs, as well as sometimes in liver, spleen and omentum, in children who 
had died from nontuberculous diseases. 

Pinner (8), in a paper entitled Hematogenous Non-miliary Pulmonary Tuber- 
culosis, stresses the great disproportion of clinical symptoms and physical 
findings to the amount of the parenchymatous involvement, as seen on the 
X-ray film, the more or less even distribution of the lesions, the frequent absence 
of older pulmonary foci from which intrabronchial spread could have occurred, 
and the frequent association of extrapulmonary lesions with those in the sub- 
stance of both lungs. Some cases are detected by chance, and the roentgeno- 
logical involvement of the lungs in these cases is in great contrast to the paucity 
of disease symptoms. A very characteristic example is pictured in figure 22, 
showing the X-ray photograph taken in a routine examination of a nurse who 
had never been ill. In the absence of older upper lobe lesions, such findings were 
interpreted by Pinner as the result of repeated hematogenous seedings to the 
lungs. 

Sweany (9), in a paper on multiple calcifications, illustrates a striking X-ray 
finding (figure 2 on plate 1) showing evenly distributed calcareous foci which 
were thought to be blood-borne metastatic foci formed during the early phase of 
the primary complex. 

That, on the other hand, chronic miliary tuberculous disease might eventually 
resolve with a very different roentgenological picture is borne out by a report 
of Rubin (10) on chronic healed miliary tuberculosis. In a patient with in- 
numerable small tubercles in the peritoneal coat, which were incidentally dis- 
covered at laparotomy, the chest film disclosed extensive miliary infiltrations 
in both lungs with about match-head sized tubercles in all lobes and discrete 
numerous older lesions in the apices. There was a history of tuberculous 
infection with hemoptysis and pleurisy ten years previously. The recurrence of 
the disease was apparently conditioned by the state of pregnancy, as the symp- 
toms of peritoneal tuberculosis were noticed one day after delivery. In the 
course of three years the lung fields, as seen on successive roentgenograms, had 
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completely cleared. In a subsequent paper (11), however, it is stated by Rubin 
that sometimes multiple calcified foci are the end-result of hematogenous pul- 
monary infiltrations. The association with fibrous or calcified tubercles in 
spleen, liver and kidneys, in the same structural state as in the pulmonary 
tubercles, was also observed by Rubin in cases of chronic miliary tuberculosis. 

That roentgenological evidence of calcified tubercles in the spleen is a 
diagnostic adjunct in the recognition of protracted hematogenous multiform 
tuberculosis is stated by Grethmann (12) in a comprehensive report on more 
than 100 cases dealing with active forms of hematogenous tuberculosis. 

According to Miller (13), hematogenous pulmonary foci are capable of absorp- 
tion in all other parts until only apical and upper lobe foci remain and become 
calcified. This view of Miller is not to be easily reconciled with the uniform 
structural appearance of the hematogenous nodular tubercles and the uniform 
distribution without predilection of the apices, as seen in the X-ray photo- 
graphs referred to in the papers quoted above. Such “remaining” apical 
lesions in the cases of Miller were possibly the original source for the hematog- 
enous tuberculosis, rather than having resulted from it. 

More recently, Mayoral (14) has commented on multiple miliary calcifications 
of the lungs. He has seen these shot-like calcified nodules in apparently per- 
fectly healthy individuals with no history of serious past illness. Figure 1 
in the paper of Mayoral illustrates a typical picture, showing these calcified 
pulmonary nodules of uniform size, density and distribution. In the absence 
of any history of disease in the patient, these multiple calcifications are not 
considered as the end-stage of acute miliary tuberculosis by Mayoral. In cases 
of healed miliary disseminated bronchopneumonia, however, there is, according 
to Mayoral, an unmistakable history of previous tuberculosis or one quite 
suggestive of this condition. Also, in persons with such a history, the nodules 
on the roentgenogram were found to appear more irregular in shape and dis- 
tribution and in various stages of calcification, pointing to some difference in 
their structural age. Whether or not these latter morphological features alone 
are of such a distinctive pathogenetic significance will be discussed on the basis 
of our own anatomical analysis. 

Blaine (15), already in 1924, had reported 3 instances with multiple calcified 
nodules in both lungs disclosed by X-ray. They were seen in white males, 
thirty-six, thirty-four, and twenty-four years old. The lung tissue between 
the calcified tubercles showed normal transparency. In all 3 cases, however, 
there was a definite history of active pulmonary tuberculosis. 

From the foregoing citations it appears that the roentgenograms in the cases 
of Middleton, Baer, Pinner, Sweany and Mayoral represent almost identical 
conditions. In all of them there was no history of previous pulmonary tuber- 
culosis. ‘They were seen in apparently healthy persons. In contrast, in Rubin’s 
case quoted above the hematogenous miliary seeding to both lungs in a patient 
suffering from tuberculosis had eventually completely cleared without leaving 
any trace, fibrous or calcified, which could have been detected on the roent- 
genogram. 

In the course of our studies 2 observations were made of disseminated calcified 
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nodular tubercles in fairly symmetrical distribution in both lungs, of obviously 
hematogenous character combined, in one of these cases, with calcified nodules 
in liver and spleen. It is the entire morphological picture which we wish to 
present briefly. It gives detailed histological proof, thus far missing, of this 
peculiar condition, as startling in its radiographical appearance as it appears 
harmless in its clinical significance. 


Case 1: (B. G. H. 3060) A sixty year old farmer from Eden, New York was struck by 
an automobile and suffered several fractures of the right tibia, right fibula, seventh 
cervical and seventh to tenth thoracic vertebrae, and of the frontal bone with lacerations 
of the frontal lobe. He died four hours after the accident in a shock-like condition. 

Postmortem examination revealed the typical picture of massive fat embolism of the 
pulmonary arteries (16), with marked recent emphysema. Only the lateral lower portion 
of the right upper lobe and the lateral subpleural areas in the left lower lobe appeared 
moderately collapsed. There were no pleural adhesions. Many calcified nodules were 
felt by the palpating finger in all lobes; considerable calcification of the bronchopulmonary 
and tracheobronchial lymph nodes on both sides was noticed grossly. Other findings of 
tuberculosis included: scattered calcified tubercles in the spleen, which was atrophic, and 
in the liver; a few small fibrous tubercles in both kidneys; and very distinct, fairly firm 
caseation of the mesenteric lymph nodes. The roentgenogram of the undissected lungs 
with the bronchomediastinal lymph nodes is shown on plate 1. The X-ray photograph 
of the spleen revealed about thirty calcified tubercles from 0.5 to 4 mm. in diameter. 
Some of these were of stony consistency. The lymph nodes along the body and about 
the head of the pancreas contained a few small chalky and calcified tubercles from 1 to 
2 mm. in diameter. The roentgenogram of the liver showed comparatively few calcified 
nodules of about 1 mm. thickness. There was no gross nor roentgenological evidence of 
chalky or calcified changes in the caseated mesenteric lymph nodes. Nor was there any 
gross or radiological evidence of tubercles in the wall of the intestinal tract. Careful 
inspection of the entire wall of the intestinal tract did not reveal mucosal tubercles nor 
scars which could have been detected with the naked eye. 

There was no history of a tuberculous disease. The relatives of the deceased stated 
emphatically that this farmer had always enjoyed the best of health. No tuberculin 
test was done at any time and there was never any need for an X-ray examination during 
his entire life. 

Histological report: In this case all nodular pulmonary lesions were examined, including 
the lymph nodules in the substance of the lungs; and many sections were cut from all 
bronchopulmonary, tracheobronchial and angulus lymph nodes of both sides; also, 
sections from the spleen, liver, kidneys and various parts of the small intestine. For the 
purpose of proper localization and identification, both lungs were divided into nine 
fields. The individual nodules in each field were marked with the letters of the Latin 
alphabet. In three areas (right middle lobe, upper half of the right lower and lower 
half of the left lower) the large number of calcified tubercles made the addition of a few 
Greek letters necessary. This was naturally a quite exhaustive study, but the reader 
will be spared from the detailed report on each individual lesion, as given in the original 
histological description. In addition to the numerous parenchymatous tubercles, there 
were intrapulmonary lymph nodules found in each lung, entirely replaced by fibrous, 
fibrous-chalky or chalky-calcified changes. On the other hand, there were a few sub- 
pleural lymph nodules in each lung with no tuberculous changes whatsoever. A few 
bronchopulmonary lymph nodes in the hilar interlobar portion of both lungs proved 
likewise to be free of tuberculosis. The great majority of the calcified and chalky tuber- 
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cles, as pictured in the roentgenogram, were in the parenchyma of the lung. Only in 
very few completely hyalinized fibrous nodules could it not be decided whether they 
were minute obliterated lymph nodules or completely hyalinized parenchymatous tuber- 
cles. There was comparatively little anthracotic pigmentation in the lungs and lymph 
nodes, as the deceased had spent all his life in the country. 

For the convenience of the reader, we have summarized our histological findings of 
the parenchymatous tubercles as follows: there were ninty-five calcified or chalky-fibrous 
tubercles altogether in the left lung, varying in diameter from 0.5 to about 5 mm. The 
majority of them measured from 1.5 to 3 mm. Two were firm stones surrounded by 
complete osseous rings; in five there was incomplete marginal bone formation; while one 
was a bony fibrous lesion; thirty-three were in a firm stony state surrounded by hyalinized 
fibrous rings; twenty-two were in a stony chalky state; and nineteen appeared more 
chalky, with much lipoid-containing detritus and comparatively thick fibrous walls. 
Finally, there were thirteen fibrous, firm nodules without chalky or stony matter. 

In the right lung the structure of the eighty-three parenchymatous lesions was as 
follows: four in firm stony state with thin but complete bony ring; eight about of equal 
size with only localized marginal bone formation; thirty-three firm stony foci; twenty-two 
chalky calcified lesions; and six chalky fibrous lesions with a great deal of lipoid debris in 
the centre and compact hyaline walls. There were ten hyaline-fibrous nodules with 
minimal or without any central chalky detritus. In general, there were a few more 
chalky calcified nodules in the basal portions, especially on the right side. The few 
lesions with the oldest structural appearance were in the hilar area of the right lung and 
in the upper and lower half of the left lower lobe. Whether all or only part of these few 
nodules were the actual primary foci, formed simultaneously, or whether some of them 
had resulted from focal extension in the early phase of the primary infection, is impossible 
to state. The gross, histological and radiological appearance of the bronchopulmonary 
and tracheobronchial lymph nodes would point to at least two primary complexes, one 
in each lung. 

Plates 2 and 3 demonstrate the histological structure of some of these tubercles in 
various stages of regression. A brief description of these lesions will be given. 

Plate 2 pictures six parenchymatous lesions from the left lung: 

12 E, lower half of left lower lobe—This is a typical picture of an obsolete firm stony 
primary focus surrounded by a fairly thick osseous shell, with some fatty and lymphoid 
marrow. Note the well preserved alveolar pneumonic pattern in most of the stony core 
of the lesion; also the almost complete transformation of the original hyaline wall into 
bone tissue. 

11 G, upper half of left lower lobe—Firm stone with an almost complete but relatively 
thin bony shell attached to a firm hyaline wall, with collections of histiocytes and fibro- 
blasts between the bone tissue and the hyaline capsule. Note the few cholesterol crystals 
included in the firmly calcified core of the lesion. 

8 M, upper half of left upper lobe—Calcified stony tubercle with a slightly less opaque 
centre, firmly encased within a hyaline capsule. There is already evidence of some loosen- 
ing of its hyaline texture. 

10 C, lower part of left upper lobe—This is a slightly larger, firmly calcified tubercle 
within a thick hyalinized capsule. Very early phases of bone formation between the 
calcified core and the thick hyaline capsule can be noticed in the upper portion of the 
pear-shaped stone. 

11 E, upper part of left lower lobe—This is a relatively large chalky lesion containing 
masses of cholesterol needles and chalky and slightly calcified dehris around a small 
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centre, which appears still firmly caseated. Note, again, the very thick hyaline fibrous 
capsule, gradually blending with the chalky lipoid-laden nucleus. 

10 I, lower part of left upper lobe—Firmly hyalinized nodule (in decalcified state) with 
considerable proliferativn of fibroblasts and some histiocytic elements, apparently a state 
of accomplished organization of a small central chalky-calcified core. 

On plate 3, corresponding tubercles from the right lung in different stages of regression 
are shown: 

1 H, upper part of right upper lobe—A firm stony tubercle with the alveolar pneumonic 
structure faintly preserved, surrounded by an almost complete bony shell within a hyaline- 
fibrous capsule. This latter is still fairly thick, its inner portion near the bony ring 
slightly edematous, with active fibroblasts merging with the newly formed osseous capsule. 

3 R, hilar level of right upper lobe—Relatively large hyalinized calcified and in part 
ossified tubercle with two firmly calcified portions separated by hyalinized and distinctly 
calcified fibres. Note the oblong portion in the upper field of the focus with part of the 
calcified core replaced by lymphoid and some fat marrow, containing a moderate number 
of plasma cells and well filled capillaries. The remainder of this old stony lesion is 
entirely replaced by a bony shell around the marrow, while the upper portion of the same 
focus shows the comparatively thin and incomplete bony ring firmly attached to the 
calcified core, in which cholesterol needles are firmly included. In the lower part of this 
large focus there is a second firm stone with some cholesterol needles included, but without 
any bone formation. The remainder of the focus consists of firm collagenous, edematous 
fibres. 

3 X, hilar level of right upper lobe—There is a firm stone including a few cholesterol 
needles, with typical Liesegang rings within a distinct collagenous capsule, the inner 
part of which is somewhat edematous and contains a good number of fibroblasts. There 
is apparently also some resorption of lipoid around the stony centre. 

7 F, base of right lower lobe—A fairly large focus with an ovoid calcified-chalky central 
core, with considerable calcified matter especially in the outer portions of the lesion. 
Note in some portions of the thick hyaline capsule a very clear differentiation into two 
parts, a more compact garland-like inner portion gradually blending with the chalky and 
calcified debris, and a firmer and distinctly hyalinized outer ring which, however, at some 
points has replaced entirely the inner layer and seems to fuse with the calcified core. 
Within the zone between the chalky-calcified core and the compact inner mesenchymal 
layer there is some fibrinoid exudate, necrobiotic debris and some brownish pigment-dust. 

6 E, upper portion of right upper lobe—This is a chalky-fibrous lesion with little calci- 
fication in the centre. Part of the lipoid debris and some chalky matter has fallen out 
of the centre. Note this debris with cholesterol needles gradually blending with the 
hyaline capsule. Here, again, in some areas an inner ring-like zone, comparatively 
compact, can be made out, containing pigment-laden macrophages. The outer capsule 
is more markedly hyalinized. 

3 Y, hilar level of right lung—Completely hyalinized nodule with the centre apparently 
corresponding to firmly organized, originally chalky matter. This appears as a later 
state of the changes shown in 6 E. 

Various intermediate phases between stages, as pictured in 6 E and 3 Y, could be 
observed among the chalky-fibrous nodules in both lungs, including small hyalinized 
nodules in which still a chalky-lipoid core had remained. The larger foci especially— 
between 4 and 5 mm. in diameter—showed this gradual organization of the chalky, 
lipoid-laden and partly calcified core. In these most of the centre consisted of chalky 

and lipoid debris, while in the thick collagenous wall sometimes a clear differentiation 
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into an inner and outer layer could be seen, apparently corresponding to the “‘specific” 
and “nonspecific” capsule in the so-called “reinfects” of Puhl. It is evident from the 
brief description given on some of these nodules that these two zones are only temporary 
phases in certain regressive stages of predominantly firm chalky character, and therefore 
frequently a more or less intimate blending of the two capsules might be observed. Occa- 
sionally, very close to a calcified stony parenchymal focus encased within a fibrous wall, 
a subpleural lymph nodule with calcification in its centre was found in the same slide. 
Wherever a bony band had formed around a firm stone, the immediately surrounding 
portion of the original hyaline wall was of somewhat looser texture as compared with 
its outer part. Closely attached hyaline tubercles (in so-called satellite fashion) were 
seen around only few calcified or chalky-calcified foci. In some firm stony foci with 
more or less complete thin osseous shell the centre appeared less compact. In the larger 
parenchymatous foci, in a chalky-calcified state, the break-up of the central portion by 
gradual ingrowth of connective tissue could be observed, causing peculiarly shaped 
fragments. In these stages there still is a considerable amount of cholesterol debris 
between the mesenchymal wall and the chalky-calcified centre. It is around such foci 
that part of the hyaline wall in the inner zone appears as a special compact band, here 
and there containing a rare small Langhans giant cell and shadows of epithelioid cells. 

Figure L on plate 1 shows a section through one of the lymph nodes in the right venous 
angle. Magnification is about 7x. Note the large calcified and in part still chalky 
tubercles, more or less firmly encased by hyaline-collagenous walls. 

The lymph nodes on both sides, including the bronchopulmonary, tracheobronchial 
and paratracheal groups, showed almost identical changes. There was considerable 
calcification with calcified or chalky-calcified conglomerate tubercles within thick hyaline 
walls, combined with formation of smaller stones entirely surrounded by hyaline capsules, 
with or without chalky material included. In others, true stone formation was less 
conspicuous. Most of the lymphoid structure here was replaced by extensive chalky- 
calcified masses surrounded by hyalinized conglomerate tubercles. In some tracheo- 
bronchial lymph nodes, especially on the right side, there were some differences in the 
tuberculous structures insofar as a few lymph nodes contained only hyalinized-chalky, 
fairly large conglomerate tubercles, but no stones; while in others of the same group 
complete calcification was noted with some chalky detritus within hyaline capsules. As 
seen in the X-ray photograph on plate 1, there is hardly any difference in the opaque 
whitish shadows pointing to extensive calcification and chalky changes in the various 
lymph node groups draining both lungs. The lymph nodes in the left venous angle, 
however, did not show stone formation. They contained for the most part firm, fibrous 
conglomerate tubercles and only minimal chalky material. Also, in some bronchopul- 
monary lymph nodes, especially on the right side, one was impressed by large, chalky 
and fibrous tubercles without any stone formation. There was a good deal of lipoid 
detritus in the centre of these tubercles. In a bronchopulmonary lymph node at the 
hilum of the left lower lobe, smaller hyalinized-fibrous or completely hyalinized tubercles 
with some calcified detritus in the centre were seen. Occasionally an epithelioid cell 
tubercle with a Langhans giant cell still could be recognized in the inner zone of the 
fibrous wall. On the other hand, in an intrapulmonary lymph node at the right hilum 
level, unusually firm stone formation was noticed with no clear evidence of ossification, 
but with still large sheaves of cholesterol needles included within this firmly calcified 
substance. 

An analysis of the histological lesions observed in the bronchomediastinal lymph nodes 
shows, in general, not a uniform structure as usually found in so-called ‘closed com- 
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plexes” in which the lymph node changes are in a uniformly calcified or fibrosed state. 
Here, in practically all groups there was a combination of older stony lesions with calcified- 
chalky or only chalky changes or, again, with small fibrous conglomerate tubercles. In 
adition, in a few bronchopulmonary lymph nodes some still active tuberculous granula- 
tion tissue was noticed. 


In our previous paper on focal extension (17) attention was called to the 
occasional occurrence of isolated foci apart from the primary focus, of the same 
histological structure and apparently of similar structural age as the primary 
focus. This latter conclusion was based on a few cases in which these foci were 
found in comparatively recent stages of evolution or regression. In a few of 
these, especially in the presence of hematogenous tubercles in such organs as 
spleen and liver, it was suggested that these additional lesions of primary-focus 
character had formed by focal hematogenous extension. 

It was of considerable interest, therefore, to analyze carefully the structure 
of the multiple tubercles in this case. Neither from the gross picture nor on 
the basis of the X-ray photograph was there any possibility to point to the true 
primary focus or foci in each lung. Practically all the tubercles in both lungs 
were of the size range which frequently is seen in the majority of true primary 
foci (from 1 to 5 mm. in thickness). Clear evidence of hematogenous tubercles 
in spleen, liver and kidneys, and the uniform and almost symmetrical distribu- 
tion of the tuberculous nodules in each lung seemed to point to hematogenous 
spread as the pathogenetic mechanism. The structural distinctions, however, 
found in the various parenchymatous tubercles made it quite clear that all 
these pulmonary nodules could not be of the same age. Together with the 
histological findings in the bronchomediastinal lymph nodes they seemed to 
indicate several episodes of a hematogenous spread not limited to the early 
phase of the primary complex. It is most likely that the original source for 
this repeated spread was the extensive tuberculous changes within the bron- 
chomediastinal lymph nodes. 

Nowhere in the lungs were there lesions pointing to true exogenous reinfec- 
tion or superinfection, and no apical scars. Indeed, the apical and subapical 
areas appeared more sparsely affected by the nodular dissemination than the 
hilar and basal areas of both lungs. The roentgenogram shows clearly that there 
was definitely no predilection for the apical areas. The nodular tubercles 
everywhere in the lungs were well encapsulated. Nothing pointed to the typical 
acinous pattern so characteristic of bronchial and peribronchial spread. Nor 
was there any conspicuous perifocal fibrosis, as so frequently is seen between 
older subapical obliterated bronchial tubercles. The small hyalinized satellite 
tubercles were comparatively rare, seen within or close to the capsule of but a 
few parenchymatous tubercles. The various structural stages, ranging from a 
soft chalky-fibrous tubercle to a hard stone, as well as small differences in size, 
ranging from less than 1 to 5 mm., can be interpreted as the results of repeated 
lematogenous seeding in connection with protracted lymphogenous progression 
within the lymph nodes of the original primary complex or complexes. Such 
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differences in the structural age of parenchymatous tubercles or the limited 
variations in size, as found in our case, are in themselves no sufficient proof of an 
intrabronchial as against a hematogenous route. It was pointed out that most 
of the bronchomediastinal lymph nodes showed a more or less intimate combina- 
tion or fusion of more obsolete stony and less old chalky-fibrous lesions in a few 
areas with persistence of active tuberculous granulation tissue. 

The finding of extensive caseated lesions in the mesenteric lymph nodes can 
be best interpreted, we believe, as the result of a true exogenous superinfection. 
There was no evidence of hematogenous or deglutition tuberculosis in the wall 
of the intestine. The anatomical appearance of the tuberculous changes in the 
mesenteric lymph nodes made the impression of a comparatively recent lesion 
with no calcification or chalky changes, as disclosed by the X-ray film. That 
these lesions in themselves might furnish an additional source for hematogenous 
tubercles is possible; whether or not it has occurred in this case is difficult to 
state. Apart from the caseated mesenteric lymph nodes, there was no recent 
caseated tuberculosis present anywhere in the body, although a few small fibrous 
tubercles found in the lungs might have formed in a relatively short time from 
organization of caseous lesions. The bulk of the nodular tubercles in the lungs 
had decidedly an older structural appearance than the caseated mesenteric 
lymph nodes. There are no direct orthograde routes between the peripan- 
creatic lymph nodes and the lower group of the mesenteric nodes; therefore, 
the source for the tuberculosis of the mesenteric lymph nodes was, in all prob- 
ability, outside of the pulmonary lesions or the splenic and hepatic hematogenous 
tubercles. 

The anatomical picture, as incidentally found in this case, is not the end-stage 
of a true picture of miliary tuberculosis. In this respect we fully agree with 
Mayoral. Such a view is supported by the negative histories relative to tuber, 
culosis in the cases previously quoted (Middleton, Baer, Pinner, Sweany, 
Mayoral). On the basis of our present knowledge of true miliary tuberculosis, 
especially in the subacute and protracted types, it is more likely that this actual 
miliary dissemination clears by fibrous organization, as the size of these lesions 
is as a rule distinctly below the nodular hematogenous tubercles seen incidentally 
in healthy individuals. On the other hand, in cases of prolonged hematogenous 
tuberculosis with chronic lesions in extrapulmonary organ systems in particular 
(as in the skeleton or in the genital tract) it is possible that selected hematogenous 
seeding to the lungs might produce isolated nodular tubercles which frequently 
involve smaller bronchi without, however, leading to further intrabronchial 
spread. It is most probably this type of lesion which in later stages would 
appear as nodular scattered calcifications, which were apparently seen by Rubin. 
Their hematogenous nature, in the caseated state, has also been stressed by 
Schuermann. Whether or not some of the larger lesions (4 to 5 mm.) found in 
our case might have furnished a source for localized focal intrabronchial spread, 
while they still were in a recent state, cannot be determined. 

In analyzing microscopic sections taken through various portions of the sma!! 
intestine, a very interesting peritoneal reaction was observed. This, we believe, 
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supports the view expressed above, that the caseation of the mesenteric lymph 
nodes was comparatively recent. There was a very distinct thickening of the 
serous coat with considerable activation of young fibroblasts and some histio- 
cytes, but without real fibrosis. This cellular infiltration extended somewhat 
etween the interstices of the muscle layers. There was no noteworthy change in 
the inner layers apart from slight edema. Whether we are dealing here with a 
subsiding peritoneal reaction to fluid already resorbed or to a collateral non- 
specific response in connection with the distinct enlargement and firm caseation 
of the mesenteric lymph nodes is difficult to state. There was no specific tuber- 
culous tissue reaction in the inflamed peritoneal coat. 


As it frequently happens with unusual cases, about at the same time a second similar 
observation was made postmortem, inéidentally, in a fifty-five year old white male 
(B. G. H. 3070). It is definitely stated in the patient’s record that he had always been 
in good health. There was, in particular, no history of tuberculosis at any time. He 
died from a postoperative paralytic ileus following bilateral herniotomy. This case 
was not studied in any way comparable with the former. The roentgenogram of the 
undissected specimen is shown on plate 4. Some of the calcified nodules were readily 
palpated when the lungs were removed. Several sections cut through spleen, liver and 
kidneys failed to disclose grossly noticeable tubercles. The lungs were not adherent. 
Again, the lower lobes and the right middle lobe contain more of these multiple calcified 
nodules than the apical portions of the upper lobes. Extensive calcification of the 
bronchomediastinal lymph nodes seemed to point to at least two primary complexes. 
There was no detailed histological study in this case. As the history with regard to 
tuberculosis was entirely negative, we feel that even in the absence of calcified tubercles 
in such organs as spleen and liver (small fibrous tubercles might very easily have been 
overlooked) the symmetrical distribution of the tuberculous nodules in both lungs, in 
the absence of any lesion which could have furnished the source for intrabronchial aspira- 
tion, might represent the result of protracted hematogenous dissemination to the lungs 
in connection with the primary complexes. 


The detailed histological analysis of the first case has proved beyond any 
doubt that among all the multiple calcified and chalky nodules there are old, 
nearly obsolete and less old chalky-fibrous tubercles. There are no calcifications 
from some other cause which could produce the picture as described. This 
will be shown, in addition, in a subsequent paper dealing with nontuberculous 
calcifications and ossifications. On the basis of all available clinical and the—so 
far scarce—anatomical evidence, this picture of multiple calcifications is not 
considered to represent later stages of a previously actively progressive tuber- 
culous disease, and definitely not of true miliary tuberculosis. It is more likely 
that these lesions are the result of repeated, clinically harmless, hematogenous 
seedings in connection with protracted lymphogenous progression. It is a well 
known fact that most primary infections with tuberculosis are established without 
the individual being in the least aware of it. That during the active phase 
scattered hematogenous tubercles are formed, especially in the spleen and liver 
but sometimes also in the lungs, usually of small miliary size, has been repeatedly 
demonstrated by incidental postmortem findings. On the basis of the detailed 
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histological analysis of our first case presented here, and from the available 
clinical roentgenological data referred to, we wish to add that such hematogenous 
seeding does occur, apparently also occasionally in later phases of the primary 
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complex, in connection with protracted lymphogenous progression or exacerba- 
tion, without, however, leading to actual clinical disease. 


SUMMARY 


An incidental postmortem finding in a sixty year old white farmer, who was 
said to have been always in the best of health and who was killed accidentally 
revealed nearly 200 parenchymatous calcified and chalky tubercles in fairly 
even distribution in both lungs, with no predilection of the apical and subapica/ 
areas, in the presence of multiple calcified and fibrous tubercles in liver, spleen 
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and kidneys. The results of the histological analysis of all parenchymatous 
lesions, intrapulmonary lymph nodules and both bronchomediastinal and venous 
angle lymph node groups are presented. The histological structure of the 
individual parenchymatous lesions does not permit any unequivocal interpreta- 
tion in terms of pathogenesis without considering the anatomical picture in its 
entirety. The reported findings differ from those in “focal extension.” The 
complete histological analysis of the parenchymatous pulmonary tubercles has 
lisclosed various distinctive stages of structural regression between the soft 
chalky-fibrous, the chalky-calcified and the firm stony and calcified-ossified 
state. Together with the changes in the bronchomediastinal lymph nodes, 
representing also various combinations of older and less old and possibly still 
active tuberculous lesions, they seem to point to protracted lymphogenous 
progression with repeated phases of hematogenous spread, leading to symmetri- 
cal dissemination of small nodular calcified and chalky-fibrous tubercles in both 
lungs. These parenchymatous pulmonary tubercles represent the anatomical 
substrate of a few roentgenological chance observations in apparently healthy 
individuals with no known history of tuberculous infection or disease, as reported 
in the more recent tuberculosis literature. 


SUMARIO 


Un hallazgo autépsico fortuito en un labrador blanco de 60 afios, que segtin se 
dijo habia disfrutado siempre de la mejor salud y habia muerto en un accidente, 
revelé6 casi 200 tubéreulos calcificados y cretaceos distribuidos con bastante 
uniformidad en el parénquima de ambos pulmones y sin predileccién hacia las 
zonas apicales y subapicales, en presencia de muchos tubérculos calcificados y 
fibrosos en el higado, bazo y rifiones. Preséntase el resultado del andlisis 
histolégico de todas las lesiones parenquimatosas, los ganglios linfaticos intra- 
pulmonares y de los grupos tanto del broncomediastino como del Angulo venoso. 
La histologia de las distintas lesiones parenquimatosas no permite ninguna 
interpretacién explicita en términos de patogenia sin considerar el cuadro 
anatémico total. Los hallazgos comunicados discrepan de los encontrados en 
la “extensién focal.’’ El] completo andlisis histolégico de los tubérculos paren- 
quimatosos pulmonares revelé varias etapas distintas de regresién histolégica 
entre el periodo creto-fibroso, creto-calcificado y el firme periodo pétreo y calci- 
osificado. Junto con las alteraciones en los ganglios linfaticos broncomedias- 
tinicos, que representan ademas varias combinaciones de lesiones tuberculosas 
antiguas o menos recientes posiblemente todavia activas, parecen mostrar avance 
linfégeno prolongado con fases repetidas de propagacién hematdgena, que 
conducen a la diseminacién simétrica en ambos pulmones de tuberculillos 
nodulares calcificados y creto-fibrosos. Estos tubérculos pulmonares paren- 
quimatosos representan la base anatémica subyacente de algunas observaciones 
roentgenoldégicas fortuitas en individuos aparentemente sanos sin antecedentes 
conocidos de infeccién o enfermedad tuberculosa, que han aparecido en la 
literatura mas reciente de la tuberculosis. 
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A COMPARISON OF THE TUBERCULIN PATCH TEST AND THE 
COLLODION-TUBERCULIN TEST! 


PAUL SINGER, JOSEPH J. SOTTILARO ann HERMANN VOLLMER 


In an attempt to simplify the tuberculin patch test (1), one of us (V.) made 
« number of experiments with a collodion-tuberculin emulsion in October, 1941. 
qual parts of standard Old Tuberculin and U.S.P. collodion were vigorously 
shaken. An emulsion of tuberculin in collodion resulted with collodion as 
the continuous phase as evidenced by the fact that a drop of the emulsion readily 
dissolved in collodion but not in water. Figure 1 represents a microphotograph 
of such an emulsion, magnified 546 times. 

Persons highly sensitive to tuberculin showed a positive skin reaction within 
thirty-six to forty-eight hours following the application of this emulsion. Fur- 
ther experimentation, however, revealed several disadvantages of this method: 


1: It takes ten or more minutes for the tuberculin-collodion film to dry on the skin. 
Children have to be watched for this time lest they wipe off the substance. 

2: The dried tuberculin-collodion film peels off the skin after a variable length of time; 
some films adhere for a few hours only, others for forty-eight hours; in most instances 
a significantly large part of the film peels off. Thus the time and extent of contact 
between skin and tuberculin is not uniform which by necessity leads to uneven results. 
3: The volatile solvents of the collodion evaporate whenever the bottle is opened. Con- 
sequently, the collodion-tuberculin undergoes continuous changes. The proportion 
between the nonvolatile tuberculin and the volatile collodion solvents increases and the 
physical state of the emulsion is altered until so much of the solvent has evaporated that 
pyroxylin precipitates. 


For these reasons the collodion-tuberculin test was not thought to be satis- 
factory and the experiments were discontinued. 

Recently Corper (2) aroused considerable interest in this form of test by in- 
troducing his ‘‘transdermal test.’”” The test substance is an emulsion consisting 
ing of Corper’s (3) autolytic tuberculin and a plastic substance diluted in a 
volatile solvent. The proportions as well as the nature of the plastic substance 
and solvent are not revealed. A comparative study of the Corper test and the 
tuberculin patch test, when combined with roentgenographic examinations, 
may decide which of the two tests is more satisfactory in case-finding, that is, 
in the separation of infected from noninfected cases. However, two different 
tuberculins and two different methods of applying tuberculin would be simul- 
taneously compared in the same study. The outcome of the comparison would 
therefore neither decide on the comparative quality and strength of the two 
different tuberculins nor on the comparative value of the two test methods. 

A fair evaluation of the two test methods as such calls for the use of the same 
tuberculin applied by the two different methods which are to be compared. We 


‘ From the Hudson County Tuberculosis Hospital, Jersey City, New Jersey, B.S. Pollak, 
M.D., Medical Director. 
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therefore asked the Lederle Laboratories, Pearl River, New York, to make from 
the same batch (Nr. 61-1) of tuberculin, grown on a synthetic medium and having 
four times the potency of standard Old Tuberculin, (A) Lederle-Vollmer tuber- 
culin patch tests, and (B) a mixture consisting of 50 per cent U.S.P. collodion 
and 50 per cent tuberculin (batch Nr. 61-1). 


Fic. 1. Microphotograph of an Old Tuberculin-collodion emulsion in a 546 times mag- 


nification. 


This latter composition was freshly prepared, kept on ice in tightly closed 
bottles and emulsified by vigorous shaking before use. A good but not stable 
emulsion results which dries within ten minutes on the skin and forms a con- 
However, after the emulsion has been used for a while and the 


tinuous film. 
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bottle repeatedly opened, some precipitation of pyroxylin takes place, probably 
due to partial evaporation of its solvents. This change interferes with the 
formation of continuous films on the skin and the drying takes longer than ten 
minutes. Addition of ether restores the original quality of the emulsion. 
We tested 213 well studied patients between 6 and 65 years of age, the majority 
having arrested tuberculosis. With the exception of 4, all had in the past an 
active episode and were successfully treated with collapse therapy; most of 
their tuberculous processes were, at the time of this study, arrested for an average 
of from two to four years. All patients were under supervision by fluoroscopy, 
were X-rayed at least every four months and their sputa were examined monthly 
by the concentrated smear and culture methods. Most of the patients were 
out-patients and working. Only 8 patients with active processes were included. 


TABLE 1 


ACTIVE ARRESTED 
| TUBERCU- TUBERCU- 
LOSIS LOSIS 


NO. TUBER- 
CULOSIS 


| 
Total | | 8 201 
| 


teactions to tuberculin patch test: 


Negative 


Reactions to tuberculin-collodion test: 
Positive 42 
(25%) | (20.9%) | 

Negative 6 152 


| 


| 
Positive reactions to collodion control 0 | 6 


| 
Patch test positive, collodion test negative | 6 
| 


| 
| 
| 


Patch test negative, collodion test positive 0 


The skin areas were cleaned with acetone. The patch test was applied to one 
forearm and a drop of collodion-tuberculin was placed upon the inner surface 
of the other forearm. The collodion was spread over an area 1 cm. in diameter 
by means of a glass rod and allowed to dry for at least ten minutes. In each 
case a collodion control with plain U.S.P. collodion was done. Both tests and 
the control were applied at the same time and removed forty-eight hours later. 
The reactions were read twenty-four hours after the removal of the tests. This 
early reading, twenty-four hours before the usual time, probably diminished 
the number of positive reactions, but was thought to bring out clearer the 
difference, if any, of time required to react to either test. It must be borne in 
mind that with the collodion-tuberculin test tuberculin is applied to the skin 


| 

191 8 | 183 0 

| | (100%) | (91%) a 

| O | 7 4 

0 

4 

0 

| 
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in fluid droplets from the onset. With the tuberculin patch test some time 
elapses until the dry tuberculin is so much liquefied by insensible perspiration 
that the skin may react to it. For this reason it was anticipated that skin re- 
actions may appear earlier with the collodion-tuberculin than with the tuberculin 
patch test. 

‘The degree of positive reactions was recorded in gradations from 1 to 4 plus, 
and:as erythema without induration. The latter represented either questionable 
or:'pseudoreactions. The cases showing 1 to 4 plus reactions were groupe 
together as positive in the final tabulation (table 1). 

RESULTS 

Of the 213 patients, 191 showed a positive reaction to the patch test, while 
only 44 were positive to the collodion test. The patch test reactions were 
usually more clear-cut and stronger than the reactions to collodion-tuberculin. 
The reactions to the latter consisted in several cases of merely one or two lichens 
which were difficult to interpret and sometimes only verifiable on the basis of 
a clear-cut patch test reaction on the other arm. They were not as easy to 
localize as the patch test reactions where the remnants of the adhesive mass 
clearly outlined the test area. 

None of the 4 nontuberculous cases reacted to either test. 

Of the 8 patients with active tuberculosis, all were positive to the patch test 
but only 2 showed reactions to the collodion test. 

Of the 201 arrested cases, 183, or 91 per cent, showed a positive reaction to 
the patch test, and only 42, or 20.9 per cent, to the collodion test. These 
figures would have somewhat improved if the reactions had been read at the 
usual time, twenty-four hours later; they would not have materially changed, 
however, the great discrepancy between the positive reactions to either test. 
Erythema without induration occurred once as a reaction to the patch test but 
in 7 cases as a reaction to the collodion test. It is significant that 6 cases showed 
a skin reaction to the collodion control. 

There were 141 reactors to the patch test with negative reactions to the 
collodion test, but not a single case was positive to the collodion test and negative 
to the patch test. 

One reactor to collodion-tuberculin showed a contact reaction at a distant 
skin area as a result of contact with the test area during sleep. 


DISCUSSION 


These results indicate that the collodion method of applying tuberculin to 
the skin is far inferior to the patch test method. The figures obtained refer 
exclusively to the specific emulsion of tuberculin (Lederle, batch Nr. 61-1) in 
collodion used in this study. The method proved to be unsatisfactory and 
unreliable for tuberculin testing. Such emulsions can certainly be improved 
by a great number of variations, for example, of the concentration of tuberculin, 
of the proportion between tuberculin and the continuous phase of a dissolved 
plastic substance, the choice of plastic substance and its solvent and the con- 
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centration of the plastic substance in its solvents. Such changes and their 
combinations may result in a more useful test. Yet the inherent weaknesses 
of this method will probably remain the same as outlined in the beginning. 
There are too many variable factors to bring about uniform results. At least 
some of the plastics are slight skin irritants which may interfere with the inter- 
pretation of the reactions. The idea of a collodion-tuberculin test is promising. 
[t remains to be seen whether the immanent disadvantages of this method can 
ever be overcome. 


SUMMARY 


To evaluate the comparative efficiency of the collodion-tuberculin test and 
the tuberculin patch test the same batch of tuberculin was used for both test 
methods. 

In 213 well studied cases, most of whom had arrested tuberculosis, the patch 
test proved to be far superior to the collodion test. 

The inherent weaknesses of the collodion test are outlined. 


SUMARIO 


A fin de justipreciar la eficacia comparativa de la prueba con la tuberculina- 
colodién y de la prueba del parche de tuberculina se utilizé el mismo lote de 
tuberculina con ambas técnicas. 

En 213 casos estudiados a fondo, en la mayorja de tuberculosis estacionada, 
la prueba del parche resulté muy superior a la del colodidén. 

Sefidlanse las desventajas inherentes a la prueba del colodién. 


REFERENCES 


(1) Vottmer, H., anpD GOLDBERGER, EstuHEerR W.: Am. J. Dis. Child., 1937, 54, 1019; 1939, 
67, 1272. 

(2) Corper, H. J.: J. Lab. & Clin. Med., 1944, 29, 398. 

(3) Corper, H. J., anp Conn, Maurice L.: Am. Rev. Tuberc., 1948, 48, 443; 1944, 50, 81. 
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A MODIFIED TUBERCULIN PATCH TEST! 
THOMAS C. GRUBB 


In 1937 Vollmer and Goldberger (1) described a patch test for detecting 
tuberculin sensitivity which consisted of a piece of filter paper impregnated with 
Old Tuberculin (concentration not stated) fastened to a strip of adhesive tape 
and applied to the subject’s skin so that the filter paper came into direct contact 
with the skin. A control patch, impregnanted with the medium in which the 
tubercle bacillus was cultured, is usually included on the adhesive strip to detect 
sensitivity to substances other than tuberculin itself and thus avoid false positive 
readings. The advantages originally claimed for this test, such as painless 
administration, saving of time, limited area of reaction, avoidance of infections, 
failure to elicit constitutional and focal reactions, etc., have apparently been 
substantiated because the test has become increasingly popular within recent 
years. 

Dissatisfaction with the Vollmer and Goldberger test has recently been voiced 
by Grozin (2) who describes it as a “blind” test and notes the following disad- 
vantages. If the patch is removed too soon, a positive reaction may be missed; 
or, if it is allowed to remain on the skin too long, severe local reactions and painful 
vesiculation may develop. Since various individuals differ greatly in their sensi- 
tivity to tuberculin, and since there is no way of knowing beforehand the sensi- 
tivity status of the subject, the objection of Grozin would appear well taken. 
If the patch is disturbed at various intervals to take a “peek” at the developing 
reaction in the hope of removing it before too severe a reaction develops, the 
effectiveness of the test is destroyed and a negative reaction may be recorded for 
a subject who is actually tuberculin-positive. Furthermore, there is some dis- 
agreement concerning the length of time the patch should be allowed to remain 
in place. Taylor (3) claims that three days is the minimum time while Neiman, 
Rosenthal and Motel (4) recommend four days. Palin (5) noted that in some 
cases positive tests did not appear until five to seven days after application of 
the patch. 

To overcome these difficulties of the ‘“‘blind’’ test, Grozin has devised a patch 
which contains small flaps cut in the adhesive strip above the tuberculin-impreg- 
nated filter paper disks. By lifting these flaps at occasional intervals, the 
progress of the reaction may be observed. However, this procedure obviously 
disturbs the continuous contact of the tuberculin with the skin and may invali- 
date the results, as described above. The purpose of this report is to describe 
another type of patch test which obviates the disadvantages of the ‘‘blind”’ test 
while retaining the advantages of the patch principle. 


PREPARATION AND APPLICATION OF THE PATCH 


A piece of heavy cellulose acetate film (photographic film with the emulsion 
and antihalation backing removed by washing in hot water is satisfactory) is 


1 From the Department of Bacteriology, University of Maryland, Baltimore, Maryland. 
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cut into squares of 0.8 cm. size. A drop (0.05 ec.) of undiluted Old Tuberculin? 
is placed in the centre of the square and allowed to evaporate to dryness. A 
strip of adhesive tape, approximately one and one-fourth inches long, is laid 
on a piece of cardboard (adhesive side up) and a circular hole is punched out of 
the centre with a cork borer having a diameter slightly smaller than 0.8 cm. The 
(ilm is then placed over the hole in the adhesive strip with the tuberculin-coated 
side up. The patch may then be applied directly to the skin (figure 1); or, if it 
is not to be used immediately, the adhesive side may be covered with a strip of 


Fic. 1. Adhesive tape with a “‘window”’ permitting observation of the reaction which 
develops beneath the tuberculin-coated film. 


crinolin, such as used to cover “band-aids” or the commercial type of Vollmer 
patch test. 

The patch is applied in the usual manner after cleansing the skin with ether 
or asimilar solvent. It is essential that the coated film be placed in firm contact 
with the skin and allowed to remain in place for forty-eight hours, although it 
may be removed after shorter or longer intervals, depending upon the speed with 
which the reaction develops. The advantages of this test are manifest. The 
reaction may be observed through the transparent “window” during its entire 


* The Old Tuberculin employed in these tests was supplied through the courtesy of the 
Sharp and Dohme and Lederle Companies. 
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progress without removal of the patch. The patch may be removed as soon as a 
definite positive test develops; thus there is little possibility of missing a positive 
reaction by too early removal, or the development of severe reactions by too 
prolonged contact. In case there is any doubt as to the presence of erythema 
at any time, it is only necessary to apply slight pressure to the “window” and, 
if active hyperemia is present, it fades immediately, whereas, if no reaction has 
occurred, pressure does not alter the color of the skin. 


Fic. 2. Comparison of reactions produced by the Vollmer patch test (commercial) and 
the film test. A shows reaction caused by film test. B and C are reactions produced by 
Vollmer test. Note that B produced a much stronger reaction than C. 


COMMENT 


Vollmer claimed that impregnanted and dried filter papers retained their 
potency indefinitely, and there is every reason to believe that tuberculin dried 
on the film will retain its potency for a similar period. Tuberculin diluted 1:1, 
1:2 and 1:3 with distilled water produced progressively weaker reactions and 
experience indicates that it should not be diluted more than 1:1. The Vollmer 
patch test was compared with the “window” test on 30 students and in every 
instance the reactions of the stronger of the two Vollmer tests (on the same 
patch) and the film test containing undiluted tuberculin, when applied on the 
same subject, were of equal intensity (figure 2). While no reactions to the 
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film itself have thus far been observed, to detect this possibility, an uncoated, 
control patch might easily be included on the adhesive strip. 


SUMMARY 


A modified patch test is described which consists of a piece of transparent 
cellulose acetate (photographic) film containing a drop of dried, undiluted Old 
Tuberculin held in contact with the skin by means of a strip of adhesive tape. 
\ circular hole in the tape provides a window through which the developing 
reaction may be observed at all times. Thus it is possible to avoid missing 
positive reactions by too early removal of the patch, and severe reactions may be 
prevented by removing the patch as soon as a definite positive reaction is ob- 
served. 


SUMARIO 


Describese una modificacién de la prueba del parche, que consiste en usar un 
trozo de pelicula (fotogréfica) de acetato-celulosa transparente que contiene una 
gota de tuberculina antigua sin diluir, seca, mantenida en contacto con la piel 
por medio de una tira de esparadrapo. Un orificio circular en la tira facilita una 
ventana a través de la cual puede observarse constantemente las reacciones pro- 
ducidas, de manera que no se pasan por alto las reacciones positivas, debido a 
retirarse demasiado pronto el parche, y se impiden las reacciones graves retiran- 
dolo apenas se observe una reaccién positiva bien definida. 

REFERENCES 
(1) Votitmer, H., anv GoLpBERGER, E. W.: A new tuberculin patch test, Am. J. Dis. 
Child., 1937, 54, 1019. 
(2) Grozin, M.: The “visible tuberculin patch test’’, Am. J. Dis. Child., 1943, 66, 126. 
(3) Taytor, G.: Tuberculin patch test: A comparison with the Mantoux intracutaneous 
test, Am. Rev. Tuberc., 1939, 40, 236. 
4) Nerman, I. 8. R., anp More., W. G.: Tuberculin patch test on BCG 


vaccinated and control children, J. Pediat., 1941, 19, 540. 
(5) Pauin, A.: Tuberculin patch test, Brit. M. J., May 13, 1939, 1, 1006. 
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CLOROX DIGESTION! 


A Comparison of Clorox Digestion and Three Other Methods for Finding Acid-fast 
Organisms in Sputum 


GEORGE M. CAMERON anp RUTH CASTLES 


In a previous publication (1), a study was presented which brought out com- 
parative values of the direct smear, the sodium hydroxide (2), autoclave and 
clorox (3) digestion procedures as a means of finding the tubercle bacilli in 
specimens of sputum. 

At that time, results were reported on 211 specimens of sputum, of which 75 
were positive. The advantages of the clorox method were demonstrated. The 
direct smears were prepared routinely in the laboratory and rechecked for com- 
parison with the other three methods used on each specimen. 

The present report includes the examination of 329 specimens. In this series 
the stained specimens studied were all prepared by the same individual in order 
to eliminate any personal factor which might be involved in such preparations. 

A number of interesting facts have evolved from a comparison of the observa- 
tions made by each of the four methods used. Due to the very satisfactory 
results which are being obtained in the Division of Laboratories of the Tennessee 
Department of Public Health, by using the clorox digestion procedure, this study 
is being presented. 

This study of 329 specimens yielded 114 positives by one or more methods. 
In 19 of the 329, only one or two typical organisms were found, and new specimens 
were requested. The remaining 196 specimens were negative by all methods 
used. 

Of the 114 specimens found positive by one or more methods, the total number 
found by each method was as follows: 


Number of Positives by Each Method as Compared to the Total Positives Found 


Per Cent 
Number of Total 
Method Positive Positive 


62 

Sodium hydroxide 79 
Autoclave 83 
94 

100 


A compilation of the number of organisms per microscopic field for the 114 
positive specimens is presented in the following tabulation. This shows the 
number of specimens for each method which yielded a count not exceeded by 
any other method. 


1 From the Division of Laboratories, Tennessee Department of Public Health, Nash 
ville, Tennessee. 
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Positive Specimens Yielding Highest Counts per Microscopic Field by Methods Indicated 


Sodium hydroxide 
Autoclave 
Clorox 


Autoclave, clorox and direct 

Autoclave and direct 

Sodium hydroxide and direct 

Clorox and direct 

Clorox, sodium hydroxide and autoclave. 
Clorox and autoclave 

Clorox and sodium hydroxide 


* Eighteen specimens yielded equivalent counts by two or more methods. 


A study of the above listing shows that the number of organisms found per 
microscopic field by the clorox method in 88 of 114 positives, or 77 per cent of 
the specimens, was not exceeded by the findings for other methods. The sodium 
hydroxide method ranks second with 19 specimens, or 17 per cent; the autoclave 
method third with 18 specimens, or 16 per cent; and the direct smear ranks low 
with only 10 specimens, or 9 per cent of the positive specimens yielding counts of 
organisms per microscopic field not exceeded by any other method. 

The number of positive specimens which were found positive by only one 
procedure is listed, by method, below: 


Specimens Positive by Only One Procedure 


Sodium hydroxide 
Autoclave 
Clorox 


Again, it is evident that the clorox method has proved more effective for speci- 
mens containing very few organisms than any of the other three methods. 

Out of the 114 specimens found positive by one or more of the methods used, 
one or more organisms were found by each method in 66 specimens, or in 58 per 
cent of the total specimens found positive. 

In the following tabulation, the fields examined represent the number of 
microscopic fields necessary to examine to find the specimen positive by the 
method being used. For the 66 specimens found positive by all four methods, 
the total fields examined by each method were determined, together with the 
total number of organisms found in these fields. The average number of organ- 


Method Number 
1 

1 q 

1 

2 

4 
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isms found by each method per 100 microscopic fields was computed from these 
figures. The results are tabulated below: 


Average Organisms Found per 100 Microscopic Fields Computed from 66 Specimens Found 
Positive by All Methods Used 


Total Organisms 
Total Organisms per 100 
Fields Found Fields 


1,000 89 
515 2,121 412 
Autoclave 1,810 280 
Clorox 4,940 1,165 


Again, these figures show the efficiency of the clorox method for digestion of 
sputum and concentration of tubercle bacilli to have been considerably greater 
than for any of the other methods used in this study. 


DISCUSSION 


Out of the 114 specimens found positive in this study, 90 were sent in for diag- 
nosis and 16 for check on treatment. The purpose of the remaining 8 specimens 
was not designated. 

In analyzing the above observations, one point is outstanding. In every com- 
pilation of figures the clorox method has proved more efficient than the other 
methods used in this study. ‘Together with this, one should consider the freedom 
of the microscopic field from visible extraneous materials by the clorox method 


as compared to the other methods. It should be remembered, however, that the 
clorox method is for finding organisms microscopically and not for animal inocu- 
lation and culture. Oliver and Reusser (3) state that tubercle bacilli are killed 
by this method. 


SUMMARY 


1. In this study the clorox digestion method of Oliver and Reusser proved to 
be more efficient in finding tubercle bacilli than did the other methods used. 

2. The clorox digestion method yields a microscopic field in which no visible 
extraneous material interferes with finding tubercle bacilli. 

3. The clorox method is highly satisfactory as a concentration method as an 
aid in diagnosing or checking treatment in patients with tuberculosis. It is of 
value in public health laboratories and smaller laboratories. 


SUMARIO 


1. En este estudio la técnica de digestién del clorox de Oliver y Reusser resulté 
ser mas eficaz para descubrir los bacilos tuberculosos que las otras técnicas 
utilizadas. 

2. La técnica de digestién del clorox obtiene un campo microscépico en el cual 
ninguna sustancia extrafia visible impide descubrir los bacilos tuberculosos. 

3. La técnica del clorox es sumamente satisfactoria para la concentracién y 
para ayudar en el diagnéstico o la comprobacién del tratamiento en los tubercu- 
losos, siendo de valor en los laboratorios de sanidad y en los laboratorios pe- 
quefios. 
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MEDICINE AS PRACTICED DURING THE 1840’S 
A Comparison 
WILLIAM DOSITE POSTELL! 


Recently, the Library of the Louisiana State University School of Medicine 
was the recipient of two interesting publications; one entitled The Young Stetho- 
scopist, by Henry Ingersoll Bowditch, M.D. (1), the other Consumptive Curable!, 
by a Dr. Hall (2). These publications are interesting for the contrast they 
picture of medical practice’ during the 1840’s. The Young Stethoscopist is 
scientific medicine, the Art as practiced by Hippocrates. Consumption Curable! 
depicts the other side of the story, that is, practice that smacks of quackery. 

Dr. H. I. Bowditch (1808-1892), a resident of Massachusetts and a graduate 
of Harvard Medical School, was a pioneer specialist in diseases of the chest. 
Some of his works are rated as classics and have often been referred to in the 
literature. He was fortunate in having studied in Paris under Pierre Louis 
where he received excellent training in the principles of the examination of the 
chest by auscultation and percussion. Early in his career he wrote The 
Young Stethoscopist, a little book even now referred to as the best and most 
detailed description of early pulmonary tuberculosis that has ever appeared 
in America or any other country. Dr. Lawrason Brown, late Director of the 
Trudeau Sanatorium, speaks highly of thiswork. He states, “‘...it is so good 
that many textbooks today could better use it to replace their paragraphs 
upon this subject.” (3, p 185) 

A reviewer in the Buffalo Medical Journal (4) devoted ten pages to reviewing 
this book and his only criticism is its length. He felt that a publication of such 
merit should have treated its subject more fully. 

It is only necessary to quote a few passages from this work to obtain a true 
estimate of its worth. As Doctor Bowditch stated in his preface (5, p. vii): 


“In conclusion, while presenting this little work on the physical signs, let me disclaim 
all intention of placing them higher than they really deserve.... Amidst the niceties 
of our physical examinations we are apt to neglect the rational signs. The truth is, that 
he who scoffs at either must necessarily be a child in the diagnosis of not a few diseases; 
and he who cultivates both with the clear, keen-sighted eye of a true observer and then 
notes their mutual relations, is the truly wise physician.” 


After giving detailed instructions for the physical examination, Doctor 
Bowditch describes rAles and their importance, as they always indicate disease, 
whether it is only a slight swelling of a bronchial membrane or the complete 
ulceration and destruction of an entire lobe of one lung. Then speaking of 
the condition of the lung when groups of tubercles are intermixed with the healthy 
tissue, he goes on to state (6, pp. 66-7): 


1 Librarian, Louisiana State University School of Medicine, New Orleans, Louisiana. 
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‘“‘When the lung is in this condition, if you cause the patient to cough, you will hear, 
at times, a single click or a single sonorous rale or whistle of the most delicate and distant 
character. Either of these sounds, heard ever so slightly, just below the clavicle, or at 
the top of the shoulder, (while in the remainder of the lung is heard healthy respiratory 
murmur), may be considered as a very unfavorable sign. If combined with any change 
in the inspiration or expiration, they become still more momentous. If with the above 
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signs there be a change on percussion; especially, if united with, the most trivial, rational 
symptoms of phthisis, you may be almost morally certain that tubercles have been 
developed .. .” 


In regard to phthisis in children Doctor Bowditch had this to say (7, p. 76): 
‘... Phthisis in children rarely presents the same manifest and regularly ordered 


signs as are found in adults; and for the diagnosis we must depend chiefly on the 
rational signs.” 
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In his description of this book, Doctor Brown concludes his account with 
this statement (8, p. 190): “It is questionable whether a better description of 
the methods of physical exploration in the diagnosis of early pulmonary tubercu- 
losis has ever been written.” 

Now consider the other side of the picture as represented by Consumption 
Curable!, as written by Doctor Hall. Here one finds the practice of medicine 
reduced to quackery. This pamphlet was written for the gullible public and, 
although Doctor Hall tries to give the impression that he is discussing the subject 
“Consumption” within all the ethics of scientific medical practice, he probably 
fooled no one, unless it were those who were suffering from pulmonary tuberculo- 
sis. A search was made through the medical journals of that period to see it 
any mention was made of this pamphlet, but not a single reference could be 
found. It would almost seem as if Doctor Hall’s claims were so ridiculous that 
no medical editor bothered to repudiate his statements. 

Just who was Doctor Hall it was not possible to assert with any degree of 
assurance. The pamphlet does not give his full name or anything else concern- 
ing him, except that he was a resident of New Orleans from November | until 
May 1 of each year. There is no such pamphlet with this title listed in the 
Index Catalogue of the Library of the Surgeon-General’s Office, but from other 
pamphlets with closely related titles one suspects that the author was Dr. 
William Whitty Hall (1810-1876), a graduate of Transylvania Medical College, 
who practiced medicine in the South for some fifteen years before moving to 
New York. 

In the beginning of his pamphlet, Doctor Hall gives a general description of 
consumption for the public. His description is probably not far wrong, and it 
comes rather as a shock to reach that section entitled, ““What do you do for 
consumption?” and find this introductory statement (9, p. 18): 


“The most interesting reply, at least to the patient is—I cure it! Tubercles are 
absorbed, taken away or encysted. Large cavities are encased, small ones healed up. 
This is done in a manner not disagreeable, calomel, emetics, blisters, caustics, seatons and 
issues, not being used. It is accomplished by a method unknown to the world, until 
within a short time past, and the success which has attended the judicious employment 
of the means used, has been uniform, and encouraging, in the highest degree. Already 
there are men of high moral worth, all over the Union, who are prepared at any day or 
hour, when properly approached to bear a decided, and grateful testimony in its favor.” 


Doctor Hall then describes how simple and beneficial is his treatment. Most 
patients require only one or two visits to his office, although a few must make 
several visits over a period of some weeks. The remedies are applied at home 
among the pleasant surroundings of home and family. At this point he attempts 
to modify his first claims as to the curability of consumption by stating that 
not every case is curable, but four out of five persons can be cured who make 
a timely application. 

He does not profess to cure any one who has been confined to his bed for any 
length of time or who is too weak to come to his office. However, he cites one 
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case where the patient had been confined to his bed for weeks and could not 
sit up more than one hour a day, with constant night sweats, but after seeing 
him but once he was able in two weeks to ride some eight or ten miles to pay him 
an office visit. 

When it comes to divulging his remedy or treatment Doctor Hall has this to 
say (10, p. 23): 


“Tt is not designed at present to communicate the means employed.... Let it, 
be distinctly noted, that I am any time, under proper circumstances, perfectly willing 
to communicate all I yet know, to any well educated young physician of genius, talent, 
of a towering ambition, who will give suitable guarantees, that he will devote his whole 
life, exclusively, to the mode of practice adopted by me, and to its improvement, in the 
treatment of this one disease... .” (11, p. 28). 


Doctor Hall then cites a number of cases which he has treated and cured. 
A few examples are here given (12, pp. 34-8): 
Case 1 


“A tall young man aged 22. . .principal symptoms, fixed pain in the left breast, emaciation, 
weakness, a troublesome cough at night of many months duration. I did not see him after 
giving the prescriptions, but he called in two months to say that he felt, and believed 
himself to be perfectly well.” 


Case 2 


“Tall, thin gentleman aged 38. Taken with a cough three years ago, which now excites 
nausea and vomiting, with morning expectoration, left side fallen in. Writes in two 
months, that he believes with a little longer attention to the remedies, ‘my disease would be 
entirely removed.’ And with the letter, sent me another patient. Saw him once only.” 


Case 6 


“Married man, aged 26; pulse 95; confined to bed all the time; daily chill, irregular sleep, 
cough very troublesome, frequent night sweats, unable to sit up. Attacked with spitting 
of blood for two years before; repeated since. . .his case had been given up as utterly 
hopeless by several different physicians in succession. I prescribed for him. The next 
time I saw him, was on the 15th day; was walking about; in two weeks more, could walk 
a mile without much fatigue. . .” 


There were several other cases cited including a number of letters from pa- 
tients, all attesting to their cures. Doctor Hall did not forget his fees. The 
last two pages are devoted to his ‘“Terms.”” He preferred to have it understood 
by his patients as to his rates so there would be no embarrassment on anyone’s 
part. Twenty dollars was charged for the first visit, and in case of complications 
thirty dollars was due on the fifteenth day and fifty dollars on the thirtieth day. 
Doctor Hall stated he did not care to make house visits, but in the case of an 
emergency he would do so. His charges for these visits were five dollars for 
the first and two dollars for each subsequent one. 

Doctor Hall concludes with this statement (13, p. 54): 
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“In conclusion—it will be a source of the purest pleasure to the author, if the foregoing 
pages shall be instrumental in restoring even a few of the unfortunate afflicted, to health 
and happiness, and to stations of honorable usefulness to our common country and the 
age we live in.” 


This then is somewhat an outline of two publications issued within two years 
of each other depicting the extremes to which medical practice ascended and 
descended during this period when so many advances were being made in 
America in the study of pulmonary tuberculosis. 
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AMERICAN TRUDEAU SOCIETY 
Tuberculosis Control in Hospitals! 
A Study Made by the Committee on Hospital Personnel? 


Dr. Leopold Brahdy, Chairman 
Dr. Howard W. Bosworth Dr. William H. Oatway 
Dr. Bernard 8. Pollack 


INTRODUCTION 


The practice of X-raying the chests of all patients admitted to general hospitals 
has long been advocated as one of the best means of finding undiagnosed cases of 
tuberculosis. Unfortunately, however, this plan had not been adopted generally 
prior to World War II and the ensuing shortage of personnel has not been con- 
ducive to extension of the practice. 

In order to be in a position to outline sound policies for the postwar develop- 
ment of the country’s hospitals, the Committee on Hospital Personnel of the 
American Trudeau Society with the codperation of the American Hospital Asso- 
ciation initiated an inquiry covering tuberculosis case-finding activities among 
hospital patients and personnel. In November, 1943, questionnaires were sent 
to all hospitals in the United States which operated schools of nursing accredited 
by the State Board of Nurse Examiners. Of the 1,284 hospitals in this category 
all were general hospitals with the exception of 36 institutions for mental patients. 

These questionnaires were sent out in an effort to ascertain which methods are 
being followed in order to control tuberculosis among hospital patients and 
personnel, as well as the frequency with which the various methods are practiced 
by the hospitals studied. A copy of the questionnaire which contained eight 
questions appears in the appendix to this report. 

Of the 1,284 hospitals to which the questionnaires were sent, 934, or 73 per 
cent, replied. This remarkably high return demonstrates the very real interest 
which exists in the subject of tuberculosis as an occupational disease among 
hospital personnel. 

According to table 1, more large hospitals than small ones answered the ques- 
tionnaires; approximately half of the hospitals with fewer than 50 beds sent 
replies, while 94 per cent of the institutions with 1,000 or more beds responded 
to the inquiry. 

Table 2 indicates that tax-supported hospitals responded more readily than 
did those operated by non-profit organizations, while the response from propri- 
etary (private) hospitals was poorest. 

Since 32 of the 46 hospitals with 1,000 or more beds are institutions for mental 


1This report was prepared by Helen S. Canny, assistant statistician of the National 
Tuberculosis Association. 
2 This committee is now known as the Committee on Tuberculosis among Hospital 
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patients, all but one of which are operated by the states, this factor tends to 
color the data concerning state hospitals as well as those with 1,000 or more beds. 


TABLE 1 


Number and percentage of hospitals which replied to questionnaires, classified by bed capacity 
of hospital 


HOSPITALS REPLYING TO 


TOTAL HOSPITALS SENT QUESTIONNAIRES 
BED CAPACITY OF HOSPITAL QUESTIONNAIRES 


‘Number Per cent of total 


All sizes 1,284 72.7 


50 but less than 100 beds 

100 but less than 200 beds 

200 but less than 300 beds 

300 but less than 500 beds 

500 but less than 1,000 beds. ............... 
1,000 beds and over 


TABLE 2 


Number and percentage of hospitals which replied to questionnaires, classified by type of 
hospital 


HOSPITALS REPLYING TO 


YPE TOTAL HOSPITALS SENT QUESTIONNAIRES 
QUESTIONNAIRES 


Number Per cent of total 


All types 72.7 


Public 80.7 


1 


88.4 
76.0 


73.1 


71.3 
75.0 


Proprietary 47.9 


1 Per cent not shown when base is less than 25. 


ANALYSIS OF DATA 


This report is based on the 934 hospitals with accredited schools of nursing 
which replied to questionnaires sent out late in 1943. Since these 934 hospitals 
comprise 73 per cent of the entire number which maintain such nursing schools, 
they must be considered as representative of the total group. 

Bed capacity and type of control: One of the first items of interest concerning the 
hospitals included in this study is the relationship between ‘bed capacity and the 
type of agency which operates the institution. 


38 20 52.6 
285 185 64.9 
500 363 72.6 
235 177 75.3 
119 94 79.0 
58 49 84.5 
49 46 93.9 
Non-profit organization. ................... 1,035 757 | 
Other non-profit association.............. 527 395 
| 
1 
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All of the 46 hospitals with 1,000 or more beds each are tax-supported and 
they represent one-third of all public hospitals which responded to the question- 
naire. Half of the private hospitals maintain between 50 and 100 beds, while 
44 per cent of the hospitals run by non-profit associations can accommodate 
between 100 and 200 patients each. 

In other words, the public hospitals included in this study are for the most 
part very large institutions; those operated by non-profit organizations are of 
moderate size; and almost all the private hospitals are small. 


TABLE 3 
Hospitals of specified size, classified by type of hospital 


HOSPITALS OF SPECIFIED SIZE 


50 but less |100 but less/200 but less|300 but less/500 but less 
than 100 500 


50 beds 
TYPE OF HOSPITAL beds 


Per cent 
of total 


All types 


Public 


Federal 
City-county.... 


Non-profit or- 
ganization... 


Other 
profit associa- 
12 | 3.0} 91 |23. 39.0 


Proprietary 4 |11.4) 18 |51. 28.6 


1 Per cent not shown when base is less than 25. 


This relationship between capacity and control of institutions affects the inter- 
pretation of the data throughout this survey. If, for example, the policy of 
X-raying employees is found to be related to the size of the hospitals, then it is 
likewise found to be related to the type of control. 

The number of hospitals included in this study is unfortunately not large 
enough to establish significant relationships if the data are analyzed according 
to both size and type of control and, in addition, according to a third factor. 
Therefore, the reader must constantly keep in mind this interrelationship between 
the size and the type of control in those hospitals of the United States which are 
included in this study. 

Admission of tuberculous patients: Almost one-third (29 per cent) of the 934 


al 

1,000 beds 

Ded DCU DCU DEC and over 

.....| 934 | 20 | 2.1/185 /19.8) 363/38.9| 177|19.0| 94 10.1] 49 | 5.2) 46 | 
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hospitals studied admit tuberculous patients, according to table 4; an additional 
13 per cent admit them only in emergency, such as for diagnosis or for obstetrical 
care. Fifty-seven per cent of the hospitals never knowingly admit tuberculous 
patients, according to their statements, while the remaining one per cent failed 
to report their policies. 

Table 4 also shows the relationship between the hospital’s policy concerning the 
admission of tuberculous patients and the type of hospital. Far more public 
hospitals, whether operated by state, city or county, knowingly admit such 


TABLE 4 


Hospitals with specified policy as to the admission of tuberculous patients, classified by type 
of hospital 


HOSPITALS WITH SPECIFIED POLICY AS TO ADMISSION 


Those which | Those which do 
Those which Those which 
admit tubercu- | not knowingly 
TYPE OF HOSPITAL gmap en lous patients, | admit tubercu- yey 
emergency only!| lous patients? 


: Per cent Per cent Per cent Per cent 
Number] of total |Number! of total |Number| of total |Number| oF total 


270 | 28.9 | 123 | 13.2 57.1 0.9 


12 8.5 


Federal 


City-county 5.1 


Non-profit organization 14.3 


Other non-profit associa- 


Proprietary 8 : 3 8.6 


1 Includes maternity cases and those for diagnosis only. 
? Includes 16 hospitals which plan to do so after the war. 
3 Per cent not shown when base is less than 25. 


patients than do proprietary hospitals or those operated by non-profit associa- 
tions. Five-eighths of the public hospitals admit tuberculous persons for treat- 
ment, compared to less than one-quarter of those maintained by non-profit 
organizations. 

A direct correlation between the bed capacity of the hospital and the policy of 
admitting tuberculous patients is indicated in table 5. While only one-fifth of 
the hospitals having between 50 and 100 beds admit such patients, three-fourths 
of those with 500 to 1,000 beds and 94 per cent of those with 1,000 or more 
beds accept tuberculous persons for diagnosis and treatment. 

Segregation of tuberculous patients: More than 90 per cent of the hospitals 


— 
mem | 41 |28.9| 1 | 0.7 
13 | 21.3] 1 1.6 
28 | 35.4) — 
468 | 61.8| 7 0.9 
tion.....................| 395 | 104 | 26.3) 60 | 15.2) 231 | 58.5) — | — 
24 168.6); — | — 


TUBERCULOSIS CONTROL IN HOSPITALS 543 


which admit tuberculous persons segregate them from other patients. Among 
those hospitals which accept tuberculous patients in emergency only, the propor- 
tion which follows a policy of segregation is nearly as high. 


TABLE 5 
Hospitals which admit tuberculous patients, classified by bed capacity of the hospital 


HOSPITALS WHICH ADMIT TUBER- 
BED CAPACITY OF HOSPITAL TOTAL HOSPITALS 


Number Per cent of total 


20 1 
185 19.5 
363 21.8 
177 22.6 

94 35.1 
500 but less than 1,000 beds 49 73.5 
1,000 beds and over 46 93.5 


1 Per cent not shown when base is less than 25. 


TABLE 6 


Hospitals with specified policies as to segregation of tuberculous patients, classified by policy 
as to their admission 


HOSPITALS WITH SPECIFIED POLICIES AS TO SEGREGATION 


Those which do not | Those which did not 
segregate tuberculous| report policy as to 
patients segregation 


HOSPITAL POLICY REGARDING Those which segregate 
ADMISSION OF TUBERCULOUS tuberculous patients 
PATIENTS 


Per cent Per cent Per cent 
Number of total Number of total Number of total 


All policies 604" | 64.7 91 9.7 239 25.6 


Policy of admitting tuber- 
culous patients 246 91.1 12 4.4 12 4.4 
Policy of admitting tuber- 
culous patients in emer- 
gency only 109 ; 7.3 4.1 
Policy of not knowingly ad- 
mitting tuberculous pa- 


Policy regarding admission 
not reported 4 


1 Per cent not shown when base is less than 25. 


Only 46 per cent of those hospitals which never knowingly admit tuberculous 
patients reported that the latter are segregated, while 41 per cent of the hospitals 
which refuse such patients admission failed to answer the inquiry with reference 
to segregation. The question may have appeared irrelevant to them. 
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The policy of segregating tuberculous patients varies directly with the size of 
the hospital, as shown in table 7. Fewer than 60 per cent of the smaller institu- 
tions segregate their tuberculous patients, whereas all but one of the hospitals 
with 1,000 beds and over segregate such patients. Again one must keep in mind 
the fact that 32 of these 46 large hospitals are institutions for mental patients. 


TABLE 7 
Hospitals which segregate tuberculous patients, classified by bed capacity of hospital 


HOSPITALS WHICH SEGREGATE 
TUBERCULOUS PATIENTS 
BED CAPACITY OF HOSPITAL TOTAL HOSPITALS 


Number Per cent of total 


All sizes 934 64.7 


50 but less than 100 beds 185 
100 but less than 200 beds 363 
200 but less than 300 beds 177 
300 but less than 500 beds 94 
500 but less than 1,000 beds. ............... 49 


1 Per cent not shown when base is less than 25. 


X-ray examinations of patients upon admission: Only 6 per cent of all hospitais 


included in this study take routine X-ray films of all patients upon admission, 
according to table 8. Five per cent Of the hospitals failed to reply to this 
question. 

More than a third of the hospitals maintained by the states have adopted this 
routine practice, while but 3 per cent of the hospitals operated by non-profit 
organizations X-ray all patients upon admission. [If all the tax-supported hos- 
pitals are considered as one group, then 23 per cent follow this progressive policy. 

Hospitals which accept tuberculous patients for treatment are apparently 
more alive to the danger of admitting persons with undiagnosed tuberculosis than 
are those hospitals which do not knowingly admit tuberculous patients or which 
admit them in emergency only. 

Sixteen per cent of the hospitals which accept such patients X-ray all of them 
upon admission, compared with but one per cent of those hospitals which refuse 
to admit them when their diagnosis is known. Personnel in the latter group of 
hospitals may be exposed to a greater hazard than are employees in those hos- 
pitals which knowingly care for patients with tuberculosis and who are therefore 
forewarned of the precautions they must take. Three per cent of the hospitals 
which admit tuberculous patients for surgery or for other emergency only, take 
routine X-ray films upon admission. 

The proportion of active cases of tuberculosis found in X-ray surveys of con- 
secutive admissions to general hospitals has in no case been less than 3 per 1,000 
of the patients examined. By estimating on the basis of Doctor Plunkett’s sug- 


8 1 
109 58.9 
| 216 59.5 
112 63.3 
71 75.5 
43 87.8 
45 97.8 
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gestion,’ we find that approximately 40,000 patients with unrecognized active 
tuberculosis are admitted to hospitals annually. These patients constitute a 
reservoir of infection which threatens both hospital personnel and other patients. 
Certainly this fertile field for case-finding should not be neglected in view of the 
accessibility of the hospital population and the availability of necessary equip- 


TABLE 8 
Hospitals with specified policy as to the admission of tuberculous patients and number and 
percentage taking routine X-ray films upon admission, classified by 
type of hospital 


HOSPITALS WHICH 
HOSPITALS WHICH | ADMIT TUBERCU- 
ADMIT TUBERCU- |LOUS PATIENTS IN 
LOUS PATIENTS EMERGENCIES 
ONLY! 


HOSPITALS WHICH 
DO NOT knowingly 
ADMIT TUBERCU- 
LOUS PATIENTS? 


HOSPITALS WHICH 
DID NOT REPORT 
THEIR POLICY 


Taking Taking Taking i Taking 
OF HOSPIT routine routine _ Toutine routine 
X-ray films X-ray films 
upon 
admission 


All types....... 


Public 


Non-profit organi- 


Other non-profit 
association 60 


Proprietary 2 | 5. 8| 2 


1 Includes maternity cases and those for diagnosis only. 
2 Includes 16 hospitals which plan to do so after the war. 
* Per cent not shown when base is less than 25. 


ment and personnel to take and interpret the X-ray films and to follow with 
clinical observation and other diagnostic procedures. 

Preémployment X-ray films and subsequent X-ray films taken at regular 
intervals protect hospital personnel by discovering any cases of tuberculosis 
among their number while in the early stages of the disease. Radiological tests 
of this type likewise protect the patients from being infected by the employees 


* Plunkett, R. E., and Mikol, E. X.: Unrecognized tuberculosis in general hospitals, 
Am. Rev. Tuberc., 1940, 4/, 381. 
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In order to protect hospital employees from being infected by patients, it is 
essential that X-ray films be taken routinely of all patients at the time they are 
admitted to our hospitals. 

The 56 hospitals which systematically X-ray all patients at the time of ad- 
mission are classified according to their size in table 9. From a study of this 
table it does not appear that a direct relationship exists between the size of the 
hospital and the policy of taking routine X-ray films at the time patients are 
admitted. 

As we have previously pointed out, 70 per cent of the hospitals with 1,000 or 
more beds are mental institutions. Recent X-ray surveys of patients in mental 
hospitals have shown that a relatively high proportion of such patients have 
tuberculosis in some form. This factor, coupled with the overcrowding in such 


TABLE 9 
Hospitals which take routine X-ray films on admission, classified by bed capacity of hospital 


HOSPITALS WHICH TAKE ROUTINE 
- 1 
BED CAPACITY OF HOSPITAL quest, semen X-RAYS FILMS ON ADMISSION 


Number Per cent of total 


_ 


300 but less than 500 beds 
500 but less than 1,000 beds 
1,000 beds and over 


WOON © 


institutions and the lack of codperation on the part of many mental patients, 
tends to make the control of tuberculosis mandatory in hospitals for those 
mentally ill. 

Tuberculin testing of hospital personnel: Approximately two-thirds of the 
hospitals included in this study follow the policy of tuberculin testing their 
student nurses, while but slightly more than one-fourth administer the test to 
graduate nurses. 

This difference in policy is not surprising, since most nurses react positively to 
tuberculin by the time they have completed the usual training period of three 
years. In fact, mass tuberculin testing of graduate nurses might well be consid- 
ered an uneconomical procedure. 

Four per cent of the hospitals failed to reply to the inquiry covering the testing 
of student nurses, while 13 per cent did not respond to the question regarding 
the testing of graduate nurses. 

Not quite one-fifth of the hospitals tuberculin test their resident physicians 
and only one-seventh test their other employees. One must not lose sight of 
the fact that 22 per cent of the institutions studied failed to reply to the former 
inquiry and 16 per cent to the latter. 
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Tuberculin testing of hospital personnel seems to have little or no relation to 
bed capacity, type of hospital or to the policy governing the admission of tubercu- 
lous patients. 

Preémployment X-ray examinations of hospital personnel: During the past 
decade tuberculosis among nurses, especially among student nurses, has been 
the subject of extensive research. The data in tables 11, 12 and 13 testify to 
the fact that this wide-spread interest has had productive results. 

Eighty-five per cent of all the hospitals included in this study X-ray their 
student nurses as a preémployment policy, while an additional one per cent 
X-ray the positive reactors to a routine tuberculin test. 


TABLE 10 


Hospitals which tuberculin test specified groups of employees on admission, classified by policy 
as to the admission of tuberculous patients 


HOSPITALS WHICH TUBERCULIN TEST 


HOSPITAL POLICY REGARDING 
ADMISSION OF TUBERCULOUS 
PATIENTS 


ToraL | Student nurses | Graduate nurses| Resident medi- 


Per cent 
of total 


Per cent 


Per cent Per cent 
of total Numbe 


of total |* of total Number 


Number Number 


633 | 67.8 | 248 | 26.6 173 | 18.5 | 131 | 14.0 


Policy of admitting tuber- 
culous patients.......... 72.2 | 71 | 26.3 | 57 | 21.1] 38 | 14.1 
Policy of admitting tuber- 
culous patients in emer- 
gency only 67.5 | 37 23 20 
Policy of not knowingly 
admitting tuberculous 
patients 350 | 65.7 , 91 A 72 
Policy regarding admis- 
sion not reported........ 5 2 1 2 2 1 2 


1 Because some hospitals tuberculin test more than one group of their personnel, the 
total number of hospitals which tuberculin test all groups exceeds the total number of 
hospitals included in the study. 

2 Per cent not shown when base is less than 25. 


So far as one can determine from the available data, the size of the hospital, 
its type of control and its policy concerning the admission of tuberculous patients 
seem to have little or no influence on the extent to which X-raying is employed 
at the time student nurses begin their training. Yet approximately three- 
fourths or more of all hospitals studied—whether large or small, publicly or 
privately operated and whatever their policy regarding the admission of tubercu- 
lous patients—do take preémployment X-ray films of their student nurses. 
Unfortunately the policy regarding other employees appears to be less progressive. 

The emphasis placed on the high tuberculosis death rate among young women 
during the past twenty years has apparently influenced the thinking of hospital 
administrators to such an extent that they still fail to recognize tuberculosis as 
an equally serious problem among older adults. 
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Of those hospitals which admit tuberculous patients, a larger proportion X-ray 
their graduate nurses, resident medical staff and “other employees” prior to 
employment than do those hospitals which follow the policy of not admitting 
tuberculous patients knowingly or which admit them only in emergency. 

Fewer than one-third of the hospitals studied (31 per cent) give their graduate 
nurses X-ray examinations at the time they are employed. Another one per cent 
X-ray the positive reactors to the tuberculin test; as a rule, positive reactors 
comprise an overwhelming majority of all graduate nurses. Thirteen per cent 
of the hospitals failed to report on the subject of giving preémployment X-ray 
examinations to graduate nurses. 


TABLE 11 


Hospitals which take preémployment X-ray films of specified employees, classified by policy 
as to the admission of tuberculous patients 


HOSPITALS WHICH TAKE PREEMPLOYMENT X-RAY FILMS OF 


Resident medi- 
cal staff 


HOSPITAL POLICY REGARDING 
ADMISSION OF TUBERCULOUS 
PATIENTS 


TOTAL Student nurses | Graduate nurses Other employees 


HOSPITALS! 


Per cent Per cent Per cent Per cent 
Number of total Number of total Number of total 


Number! total 


All policies 789 | 84.5 | 288 | 30.8 | 259 | 27.7 | 155 | 16.6 


Policy of admitting tuber- 
culous patients 237 87.8 | 106 | 39.3 41.9 | 64 
Policy of admitting tuber- 
culous patients in emer- 
gency only 108 , 30 
Policy of not knowingly 
admitting tuberculous 
patients 438 76 
Policy regarding admis- 
sion not reported........ 6 2 3 2 1 


1 Because some hospitals take preémployment X-ray films of more than one group of 
their personnel, the total number of hospitals which X-ray all groups exceeds the total 
number of hospitals included in the study. 

2 Per cent not shown when base is less than 25. 


Only 28 per cent of the hospitals studied take preémployment X-ray films of 
their resident physicians and 17 per cent follow this policy with reference to other 
employees. Hospitals which failed to reply to this question concerning their 
resident medical staff numbered almost 23 per cent of the group studied, however, 
while 17 per cent gave no answer regarding preémployment X-ray films of their 
other employees. 

A much greater proportion of the large hospitals give all their employees 
(other than student nurses) preémployment X-ray examinations than do the 
small hospitals. More than half the hospitals with 500 or more beds X-ray their 
graduate nurses and resident medical staff at the time they are employed, com- 
pared with fewer than 25 per cent of those hospitals which have fewer than 100 
beds. 
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TABLE 12 


Hospitals which take preémployment X-ray films of specified employees, classified by bed 
capacity of hospital 


HOSPITALS WHICH TAKE PREHMPLOYMENT X-RAY FILMS OF 


BED CAPACITY TOTAL | Student nurses | Graduate nurses| Resident medi- 


Other employees 
HOSPITALS! cal sta ploy 


Per cent Per cent Per cent Per cent 
Number Number Number of total Number of total 


Fewer than 50 beds 13 2 

50 but less than 100 beds. . 138 13.5 
100 but less than 200 beds. 308 
200 but less than 300 beds. 160 
300 but less than 500 beds. 86 
500 but less than 1,000 


43 ‘ ; 32 21 


3 
1,000 beds and over....... 41 9. J 26 5] 26 


1 Because some hospitals take preémployment X-ray films of more than one group of 
their personnel, the total number of hospitals which X-ray all groups exceeds the total 
number of hospitals included in the study. 

2 Per cent not shown when base is less than 25. 


TABLE 13 


Hospitals which take preémployment X-ray films of specified employees, classified by 
type of hospital 


HOSPITALS WHICH TAKE PREBMPLOYMENT X-RAY FILMS OF 


totat | Student nurses | Graduate nurses} Resident medi- 


Other employees 
HOSPITALS! cal staff 


TYPE OF HOSPITAL 


Per cent Per cent Per cent Per cent 
Number} total |Number/ of total | Number! of total | Number! of total 


789 | 84.5 | 288 | 30.8 | 259 | 27.7 | 155 | 16.6 


119 | 83.8} 62 : 64 | 45.1 33.8 


Federal 1 1 
City-county 37 


Non-profit organization. .. -1 | 190 


66 
Other non-profit asso- 
ciation 344 -2 | 124 ‘ 18.5 


Proprietary 27 5 | 14.3 6 | 17.1 


1 Because some hospitals take preémployment X-ray films of more than one group of 
their personnel, the total number of hospitals which X-ray all groups exceeds the total 
number of hospitals included in the study. 

2 Per cent not shown when base is less than 25. 


42.9 
56.5 
42.6 | 25 | 41.0 
46.8 | 22 | 27.8 
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A larger proportion of tax-supported hospitals X-ray their graduate nurses, 
resident medical staff and other employees when they are first engaged than do 
private institutions or those operated by non-profit associations. As before 
stated, however, hospitals of all types seem aware of the advantage of requiring 
student nurses to have preémployment X-ray examinations. 

Periodic X-ray examinations of hospital personnel: Fifty-eight per cent of all 
hospitals which routinely make preémployment X-ray examinations of any 
group of their personnel also take periodic X-ray films of some group of employees 
later on. In almost all hospitals the student nurses represent the one group 
periodically X-rayed, just as they are by far the largest group to be given pre- 
employment X-ray examinations. 


TABLE 14 


Hospitals which take preémployment X-ray films! and which take periodic X-ray films of any 
group of employees, classified by policy as to the admission of tuberculous patients 


HOSPITALS! WHICH TAKE PREBMPLOYMENT X-RAY FILMS 


HOSPITAL POLICY REGARDING ADMISSION OF Those which take periodic X-ray 
TUBERCULOUS PATIENTS Total films of any group of employees 


Number Per cent of total 


All policies 797 460 57.7 


Policy of admitting tuberculous patients.... 238 164 68.9 
Policy of admitting tuberculous patients in 
emergency only 108 64 
Policy of not knowingly admitting tuber- 
culous patients 444 229 
Policy redarding admission not reported.... 7 3 


1 Includes all hospitals in which preémployment X-ray films are taken of at least one 


group of employees. 
2 Per cent not shown when base is less than 25. 


A somewhat larger proportion of the hospitals which admit tuberculous pa- 
tients take periodic X-ray films of some of their employees, compared with those 
hospitals which do not knowingly admit tuberculous patients or those which 
admit them for emergency treatment only. 

Twenty-nine per cent of the hospitals which take preémployment X-ray films 
reported that they do not give any later X-ray examinations, while 8 per cent 
said that they take them “when indicated” or “when advised by the physician” 
and 5 per cent gave no report of their policy on this point. 

Some relationship between the policy of taking periodic X-ray films and the 
type of hospital is shown in table 16. More public hospitals have adopted this 
practice than have proprietary institutions and those operated by non-profit 
organizations. 

Three-quarters of the hospitals with 500 or more beds, which take preémploy- 
ment X-ray films of any group of personnel, follow up these employees with one 
or more radiological examinations later on. Only half of the smaller hospitals 
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follow up their preémployment X-ray films with periodic chest examinations of 
this type at a later date. 
Miniature X-ray films: The use of miniature X-ray films has apparently gained 


TABLE 15 


Hospitals which take preémployment X-ray films of any group of employees, classified by 
policy regarding periodic X-raying 


HOSPITALS! WHICH TAKE PREBMPLOYMENT X-RAY FILMS OF 
ANY GROUP OF EMPLOYEES 
HOSPITAL POLICY REGARDING PERIODIC X-RAYING 


Number Per cent distribution 


All policies 797 100.0 


Policy of taking periodic X-ray films of any 
group of employees 

Policy of taking later X-ray films ‘‘when in- 
dicated”’ 

Policy of not taking periodic X-ray films.... 

Policy as to periodic X-raying not re- 


1 Includes all hospitals which take preémployment X-ray films of at least one group of 
employees. 


TABLE 16 


Hospitals! which take preémployment X-ray films and which take periodic X-ray films of any 
group of employees, classified by type of hospital 


HOSPITALS IN WHICH PRESMPLOYMENT X-RAY FILMS ARE 
TAKEN! 


Those which take periodic X-ray 


7 oe films of any group of employees 


Percent of 
Number 


57.7 


Federal 
City-county 


Non-profit organization 55.1 


Other non-profit association 64.7 


Proprietary 63.0 


1 Includes all hospitals in which preémployment X-ray films are taken of at least one 
group of employees. 
2 Per cent not shown when base is less than 25. 
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little popularity in general hospitals. Only 3 per cent of the 934 hospitals which 
participated in this survey use miniature X-ray equipment. The larger hospitals 
have found it more practical than the small hospitals; fewer than one per cent 
of hospitals with 50 to 100 beds have adopted this method, while 14 per cent of 
those with 500 to 1,000 beds and 15 per cent of those with 1,000 or more beds, 
use miniature X-ray equipment. 


TABLE 17 


Hospitals! which take preémployment X-ray films and which take periodic X-ray films of any 
group of employees, classified by size of hospital 


HOSPITALS! WHICH TAKE PREBMPLOYMENT X-RAY FILMS 


Those which take periodic X-ray 


BED CAPACITY OF HOSPITAL 
films of any group of employees 


Total 


Number Per cent of total 


50 but less than 100 beds 140 50.0 
100 but less than 200 beds 310 52.6 
200 but less than 300 beds 161 58.4 
300 but less than 500 beds 88 67.0 
500 but less than 1,000 beds. ............... 44 79.5 
41 78.0 


1 Includes all hospitals in which preémployment X-ray films are taken of at least one 


group of employees. 
2 Per cent not shown when base is less than 25. 


TABLE 18 
Hospitals which do not now tuberculin test student and graduate nurses, resident medica! 
staff and other personnel, and those which plan to do so after the war emergency, 
classified by type of personnel 


HOSPITALS WHICH DO NOT TUBERCULIN TEST CERTAIN GROUPS 
OF EMPLOYEES 


TYPE OF PERSONNEL Those which plan to do so after 
the war emergency 


Number Per cent of total 


Student nurses 11 4.4 
Graduate nurses 39 7.0 
Resident medical staff 505 29 5.7 
Other employees 637 57 8.9 


These findings in the larger hospitals were to be expected, in view of the fact 
that the chief advantages of such equipment are the speed with which many 
persons may be X-rayed and the convenience of the small films for filing. A 
hospital with fewer than 500 beds would rarely be faced with the problem of 
X-raying large numbers of patients or employees in a short period of time or with 
that of storing vast numbers of films in a limited space. 
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Postwar plans: Discouragingly few of the hospitals, which do not now practice 
the various techniques to protect their employees from tuberculosis, state that 
they plan to do so after the war emergency. Of the hospitals which do not 
tuberculin test the different groups of their personnel, between 4 and 9 per cent 
have postwar plans to administer the test. 


TABLE 19 
Hospitals which do not now take preémployment X-ray films of student and graduate nurses, 
resident medical staff and other personnel and those which plan to do so after the war 
emergency, classified by type of personnel 


HOSPITALS WHICH DO NOT TAKE PREBMPLOYMENT X-RAY 
FILMS OF CERTAIN GROUPS OF EMPLOYEES 


TYPE OF PERSONNEL Those which plan to do so after 
Total the war emergency 


Number Per cent of total 


Student nurses 109 5.5 
Graduate nurses 503 9.5 
Resident medical staff 406 9.1 
Other employees 589 11.7 


TABLE 20 


Hospitals which do not take routine X-ray films of patients on admission, and those which 
plan to do so after the war emergency, classified by type of hospital 


HOSPITALS WHICH DO NOT TAKE ROUTINE X-RAY FILMS OF 
PATIENTS ON ADMISSION 


_ TYPE OF HOSPITAL Those which plan to do so after 
the war emergency 


Number Per cent of total 


All types 27 3.2 


Public 9 


Non-profit organization 


Other non-profit association 


Proprietary 


Similarly, only a small proportion of those hospitals which do not now take 
preémployment X-ray films of their employees have made plans to follow this 
policy when the war emergency has ended. 

Of the 834 hospitals which reported that they do not X-ray patients routinely 
on admission, only 3 per cent plan to do so after the war emergency. A compari- 
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son of hospitals by type of control indicates that a larger proportion of public 
hospitals which do not now X-ray their patients plan to carry out this progressive 
practice as soon as the war is over. 

Private hospitals and those operated by non-profit associations use routine 
tuberculin tests and X-ray films as a control measure less frequently than do 
public hospitals, and fewer of the first two groups have postwar plans to adopt 
these practices. 


SUMMARY 


The Committee on Hospital Personnel of the American Trudeau Society sent 
out questionnaires to the 1,284 general and mental‘ hospitals in the United States 
which maintain accredited nursing schools. As a result of this inquiry replies 
were received from 934 hospitals, or nearly three-fourths of the total number. 
The survey was planned to ascertain what methods are being used by these 
hospitals to control tuberculosis among hospital patients and personnel. 

About two-thirds of the 934 hospitals tuberculin test their student nurses, 
while an even larger proportion, 85 per cent, X-ray this group. Preémployment 
X-ray examinations were used more frequently than tuberculin tests in the case 
of each group of employees. Yet, only 31 per cent of the 934 hospitals studied 
X-ray their graduate nurses, 28 per cent their resident medical staff and 17 per 
cent their other employees. 

Only 58 per cent of the hospitals which take preémployment X-ray films of 
some or all of their personnel follow up this practice with routine periodic X-ray- 
ing of their employees. A much greater proportion of the large hospitals and of 
tax-supported institutions take routine periodic X-ray films of their personnel 
than do the smaller hospitals and those operated privately or by non-profit 
organizations. 

The fact that only 6 per cent of the 934 hospitals included in the study X-ray 
all patients upon admission indicates the hazard of infection from patients with 
undiagnosed tuberculosis to which hospital personnel are exposed. Public 
hospitals exercise this control measure much more extensively than do semi- 
private and private institutions. 

Sixteen per cent of the hospitals which accept tuberculous patients X-ray all 
their patients on admission, while only one per cent of the 533 hospitals which 
never knowingly admit tuberculous patients have adopted this practice. More- 
over, only 3 per cent of all hospitals studied which do not now X-ray their 
patients on admission plan to do so after the war emergency. 

Apparently the war cannot serve as an excuse for the failure of hospitals to 
protect their employees from tuberculosis. Lack of postwar plans to X-ray 
patients and personnel indicates the need for an educational campaign among 
hospital administrators and boards of directors. Certainly tuberculosis case- 
finding among the patients and personnel of general hospitals should be much 
more widely practiced throughout the country. 


‘ Of the hospitals sent questionnaires, 36 were institutions for mental patients. 


4 
4 


TUBERCULOSIS CONTROL IN HOSPITALS 555 


SUMARIO 


Con el propésito de averiguar qué métodos se utilizaban para combatir la 
tuberculosis entre enfermos y empleados, la Comisién de Personal Hospitalario 
de la American Trudeau Society distribuy6 cuestionarios entre los 1,284 hospi- 
tales generales y nosocomios® de los Estados Unidos que mantienen escuelas de 
enfermeria reconocidas. Respuestas al cuestionario fueron recibidas de 934 
hospitales o sea tres cuartas partes del total. 

Aproximadamente dos terceras partes de los 934 hospitales comprueban con 
tuberculina a las estudiantes de enfermeria y una proporcién aun mayor (85%) 
las radiografian. En lo tocante a los candidatos a empleo las radiografias son 
utilizadas mds a menudo que las pruebas con tuberculina. Sin embargo, sdlo 
31% de los 934 hospitales radiografian a las enfermeras recibidas, 28% a los 
médicos residentes, y 17% a los demas empleados. 

Sélo 58% de los hospitales que toman radiografias antes del empleo de parte 
del personal o de todo el mismo, siguen esa prdctica con radiografias periddicas y 
sistemAticas de los empleados. Comparados con los hospitales més pequefios o 
administrados particularmente o por organismos filantrépicos, es mucho mayor 
la proporcién de los hospitales grandes y las instituciones subvencionadas del 
erario publico que radiografian periddicamente a su personal. 

El hecho de que sdélo 6% de los 934 hospitales comprendidos en el estudio 
radiografien a todos los enfermos a su ingreso indica el peligro que corre el per- 
sonal hospitalario de contraer la infeccién, presente en enfermos que padecen de 
tuberculosis no diagnosticada. Los hospitales publicos utilizan ese método 
profilactico mucho més que las instituciones semiprivadas y privadas. 

Un 16% de los hospitales que aceptan tuberculosos radiografian a todos los 
enfermos a su ingreso, comparado con sélo 1% entre los 533 hospitales que jamds 
reciben a sabiendas tuberculosos. Ademas, sdlo 3% de todos los hospitales 
estudiados que no radiograffan hoy dia a sus enfermos al ingreso, se proponen 
hacerlo después de terminada la guerra. 

Aparentemente la guerra no puede servir de disculpa a los hospitales para no 
proteger a sus empleados contra la tuberculosis. La falta de planes post- 
guerra para radiografiar a los enfermos y al personal indica la necesidad de llevar 
a cabo una campaiia educativa entre los administradores y juntas directivas de 
los hospitales. No cabe duda de que el descubrimiento de casos entre los en- 
fermos y el personal de los hospitales generales debe ser mucho mds impulsado en 
todo el pafs. 


5 De los hospitales que recibieron cuestionarios 36 eran instituciones dedicadas a casos 
mentales. 
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APPENDIX 
Questionnaire Sent to 1,284 Hospitals 


Mr. George Bugbee, secretary of the American Hospital Association, and Dr. 
David Cooper, chairman of the A. H. A. tuberculosis section, join us in asking 
you to check the following questions on tuberculosis case finding among hospital 
personnel and patients. Please check each inquiry and return this form in the 
inclosed envelope. A copy of the committee report will be sent to each superin- 
tendent who returns this questionnaire. Your comments are invited; please 
use the back of this form. Thank you. 

Leopotp Bragpy, M. D. 
Chairman, Committee on Hospital Personnel, 
American Trudeau Society 


If “‘No”’, but you 
plan to do so 
after the war 

emergency, 
Patients check below 


1. Do you knowingly admit tuberculosis patients? Oo 


2. Do you segregate tuberculosis patients? 
Have you a separate ward or section for them? 


. Do you take routine chest X-rays of all admis- 


5. Do you do tuberculin tests on employees? 
Student nurses 
Graduate nurses 
Resident medical staff 
Other employees 


6. Do you take pre-employment X-rays of hospital 
employees? 
Student nurses 
Resident medical staff 
Other employees 


7. Do you take later or periodic chest X-rays of 
employees? 


Miniature X-rays 
8. Do you use miniature X-ray method for any of 
these examinations? 
If yes, please state what method is used 
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Notice 


Due to an error in office records, the name of Dr. Charles R. Reynolds, of 
Chicago, Illinois, appeared in the list of the deceased members of the American 
Trudeau Society, published on page 266 in the September, 1945 issue of the 
AMERICAN REVIEW OF TUBERCULOSIS. It is a pleasure to report to General 
Reynolds’ many friends in tuberculosis control work that notice of his death 
was, as Mark Twain put it, “premature” and that he is actively at work with 
the American College of Physicians. 
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Emphysema.—Emphysema is a progressive 
and incapacitating disease. The majority of 
cases diagnosed postmortem are not recog- 
nized during life. By emphysema is meant a 
chronic vesicular or hypertrophic condition 
of the lungs. Acute emphysema, senile 
emphysema and localized emphysema are 
probably separate and distinct entities not 
discussed in this paper. The normal lung 
lobule or air sac consists of an alveolar duct 
opening into the atrium, around which are 
placed the alveoli. In health there is a sudden 
transition from narrow alveolar duct to wide 
atrium, so that the inspired air may be thrown 
as a jet into the more remote parts of the 
terminal segment. The conclusion is drawn 
from various observations that the emphyse- 
matous lung is deformed in at least three ways. 
First, many lobules or air sacs are misshapen 
and the alveolar ducts are dilated, so that air 
is no longer thrown into the atrium as a jet. 
Second, the septa between alveoli may dis- 
appear so that the supporting framework of 
the air sac may be lost. Third, the amount 
of air in the lungs is usually increased, but 
this increase is not proportionate to the 
severity of the disease, nor is the volume of the 
emphysematous lung at rest ever as great as 
the volume of a normal lung in full inspiration. 
Thus, whatever may be its microscopical 
appearance, the lung as a whole in emphysema 
is not overstretched or overdistended any 
more than a normal lung is overdistended or 
overstretched when a breath of moderate 
depth is taken. The author states that, in 
his opinion, it is the loss of elasticity of the 
lungs, coming early and complete that brings 
about the changes seen in emphysema. The 


method he used to determine the elasticity of 
the lung in pulmonary emphysema was the 
measurement of the intrapleural pressure, 
which is a direct measure of the tension or 
elastic recoil of the lung. In emphysema the 
intrapleural pressure is not always negative 
as it is in health; even at the end of a full 
inspiration the intrapleural pressure may be 
the same as that of the atmosphere, and it is 
not altered when the lung is collapsed by a 
pneumothorax. These phenomena can only 
mean that the elasticity of the lung in 
emphysema may be entirely lost at a compara- 
tively early stage of the disease. Thus, the 
loss of pulmonary elasticity in emphysema 
could be the direct cause of expansion of the 
thoracic cage, rather than vice versa. Loss of 
elasticity could also explain the real over- 
distension of air sacs, with bulla formation 
which occurs on the surface of the lung. With 
loss of elasticity the expanding force is no 
longer equally distributed. In fact, the great- 
est expansion occurs at the surface of the lung. 
Thus, with each inspiration the superficial air 
sacs are stretched and strained to a greater 
extent than the air sacs deep in the lungs, and, 
with this process going on for months and 
years, it is easy to understand the formation 
of bullae on the surface of the organ. It is 
agreed that the pulmonary vascular bed is 
diminished in emphysema and that the work 
of the right ventricle may be increased, but 
this does not mean that the total blood flow 
through the lung is diminished. Microscopi- 
cally the changes in the lung are uniform 
throughout the lung, but the dilatation of air 
sacs is most conspicuous at the periphery. 
The visceral pleura is thin, flimsy and atrophic. 
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